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RE: HRSD SWIFT - arsenic notification

		From

		Mitchell, Jamie

		To

		Nelson, Mark; Branby, Jill

		Cc

		Marcia Degen; Gregory, Lance (VDH; Mark Perry; Roadcap Dwayne ulk16713; Andrew.Hammond@deq.virginia.gov; 'Kudlas, Scott'; Bott, Charles; Henifin, Ted; Mark Widdowson; Schafran, Gary; Rice, Leila
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		Nelson.Mark@epa.gov; Branby.Jill@epa.gov; Marcia.Degen@vdh.virginia.gov; lance.gregory@vdh.virginia.gov; mark.perry@vdh.virginia.gov; dwayne.roadcap@vdh.virginia.gov; Andrew.Hammond@deq.virginia.gov; scott.kudlas@deq.virginia.gov; CBOTT@hrsd.com; ehenifin@hrsd.com; mwiddows@vt.edu; Gschafra@odu.edu; LRice@hrsd.com





All,



Please find attached the written report on elevated arsenic concentrations in the MW-SAT monitoring well.  We are still waiting on arsenic speciation data so we do not have any definitive conclusions as to the
 cause at this time.  As of May 9,the arsenic concentration decreased to less than the MCL with the most recently reported data of 7.51 ppb.  Recharge has been limited since May 8 due to upstream critical control point triggers, most recently related to nitrite
 concentration as the biofilter continues to acclimate following start-up.  We will continue to monitor and collect data and, as recharge becomes more consistent following this latest start-up, the additional data capture should aid in identifying the potential
 cause.  As discussed before, the monitoring at the conventional wells is key to understanding the potential for arsenic mobilization further afield from the recharge well.



 



Please let me know if you have any questions or concerns.



 



Jamie



[bookmark: _MailEndCompose] 





From: Mitchell, Jamie


Sent: Wednesday, May 08, 2019 7:07 PM

To: 'Nelson, Mark'; 'Branby, Jill'

Cc: 'Degen, Marcia'; 'Gregory, Lance (VDH'; 'Mark Perry'; 'Roadcap Dwayne ulk16713'; 'Andrew.Hammond@deq.virginia.gov'; 'Kudlas, Scott'; Bott, Charles; Henifin, Ted; 'Mark Widdowson'; Schafran, Gary; Rice, Leila

Subject: HRSD SWIFT - arsenic notification







 



All,



 



This afternoon we received the results from a May 6 sample collected from MW-SAT, the well located 50 ft from the recharge well.  Specifically, screen interval 9, which is the deepest of the intervals located within the Middle Potomac (approximately
 1000 ft below grade), had an elevated total and dissolved arsenic concentration of 18.1 ppb and 18.3 ppb, respectively.  For reference, the MCL for arsenic is 10 ppb.  Recharge at this point had been occurring for 8 days and the timing of the increased arsenic
 appears to coincide with arrival of the new recharge front in this screen interval.  While we only have one data point from the SWIFT Water for arsenic during this time (< 1 ppb), it is consistent with our low (< 1 ppb) historical data on arsenic in SWIFT
 Water and indicates that the SWIFT Water itself was not the source of the arsenic seen in the May 6 samples.  There are no apparent differences in SWIFT Water quality since the restart of the facility that would explain the arsenic mobilization we’ve seen
 in interval 9.  Further, the pH of SWIFT Water is tightly controlled in order to prevent mobilization of metals within the aquifer, with a Critical Operating Parameter in place that diverts SWIFT Water away from the recharge well if the pH drops below 7.3
 for more than 10 minutes. 



 



We are actively investigating the mechanism behind this arsenic release.  We collected samples today for arsenic speciation and are closely evaluating the water chemistry in interval 9 to better understand the potential contributing factors
 to the release.  This screen interval will also be monitored daily for total arsenic until the concentrations remain less than ½ of the MCL for at least a two week period.  We will continue to monitor each of the other screens that are receiving recharge weekly. 
 Should we see the same issue arise in the other intervals, we’ll increase our monitoring frequency accordingly and keep you informed.  While the 50 ft well is extremely valuable for understanding these initial reactions, the conventional wells that we have
 located 400 – 500 ft away from the recharge well are in a better position to inform the potential for off-site migration.  We are currently monitoring those wells weekly for arsenic and will continue to do so.    



 



We do believe that this is a transient phenomenon and what we’re seeing is part of the value of this research-focused well – understanding the near-field impacts on water chemistry, fluid dynamics and solute transport.  In the immediate
 vicinity of the recharge well, we expect that concentration, advection, etc. are all higher by an order of magnitude or greater than what one would see at a monitoring well that is typically located several hundred feet or more away from the recharge well.  
   



 



We’ll send a more thorough write-up of our investigation and results within the next seven days.  In the interim, if you have any questions or concerns, please feel free to reach out to me.



 



Jamie



 



Jamie S. Heisig-Mitchell



HRSD Chief of Technical Services



Office: 757.460.4220 | Mobile: 757.510.4153



1434 Air Rail Avenue | Virginia Beach, VA  23455



PO Box 5911 | Virginia Beach, VA  23471-0911



jmitchell@hrsd.com |
www.hrsd.com
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HRSD SWIFT Research Center (SWIFTRC): Report on Arsenic in MW-SAT





Description of the Event: 


The SWIFT RC resumed recharge operations on April 29, 2019, recharging at a rate of approximately 1 MGD.  A sample collected on May 6 from MW-SAT, located 50 ft from the recharge well, identified an elevated total arsenic concentration of 18.1 µg/L in screen interval 9 (drinking water MCL: 10 µg/L).  This interval is screened at a depth of approximately 1,000 ft below grade in the Middle Potomac Aquifer zone.  Sampling was repeated on May 8 with a reported concentration of 17.1 µg/L (Table 1).  Available results from follow-up daily monitoring indicated declining arsenic concentrations.  As of the writing of this report, the arsenic concentration in interval 9 was 7.51 µg/L (May 11).  Each of the eleven intervals has been monitored since the resumption of recharge with results ranging from non-detect to 3.69 µg/L (detection limit – 1.00 µg/L).       


As of May 6, recharge had been occurring for 8 days and the timing of the increased arsenic appears to coincide with arrival of the new recharge front in screen interval 9.  While we only have one data point from the SWIFT Water for arsenic during this time (< 1 µg/L), it is consistent with our low (< 1 µg/L) historical data on arsenic in SWIFT Water (Table 1) and indicates that the SWIFT Water itself was not the source of the arsenic seen in the May 6 samples.  There are no apparent differences in SWIFT Water quality since the restart of the facility that would explain the arsenic mobilization we’ve seen in interval 9.  Further, the pH of SWIFT Water is tightly controlled in order to prevent mobilization of metals within the aquifer, with a Critical Operating Parameter in place that diverts SWIFT Water away from the recharge well if the pH drops below 7.3 for more than 10 minutes (Table 2). 


During this period of monitoring, recharge has been intermittent as a result of upstream triggers of a critical control point, primarily associated elevated nitrite as the biofilter continues to acclimate following start-up.  Since May 8, the RC has only recharged 0.3 million gallons.  As a result, it is difficult at this point to determine if the arsenic concentrations are decreasing because of changing aquifer conditions or if it is attributable to a reduction in recharge.  Daily monitoring of arsenic will continue until the concentration of arsenic is less than ½ of the MCL for a minimum of a two week period in conjunction with consistent recharge during that timeframe. 


The key indicator for the potential off-site migration of elevated arsenic concentrations is the monitoring at the conventional wells which are located 400 – 500 ft away from the recharge well, representing approximately 8 months of travel time.  Weekly monitoring for arsenic is occurring in each of the three wells representing the upper, middle and lower zones of the Potomac Aquifer System (PAS).  The results range from 1.86 µg/L in the lower Potomac to < 1.00 µg/L in the middle and upper zones.     


 Table 1. MW-SAT Screen Interval 9 Arsenic Concentrations





Table 2. SWIFT Water pH and Dissolved Oxygen concentration 





Possible Causes


The investigation into the potential cause of the transient increase in arsenic is on-going with arsenic speciation results still pending from the contract laboratory.  One possibility being considered is the disruption of the hydrous ferrous oxide (HFO) and passivating surfaces that may have occurred during well rehabilitation.  Until the RC is recharging consistently and we obtain more water quality data it is difficult to determine the possible cause.  Data will continue to be collected on variables such as conductivity, iron, arsenic (plus speciation), pH and dissolved oxygen in addition to the other planned routine monitoring.  Collectively, these data should provide an indication of the potential cause for the issue and help guide efforts toward preventing recurrence.


Overall Evaluation: 


[bookmark: _GoBack]As described above, HRSD will actively monitor arsenic concentrations at MW-SAT along with other quality variables to aid in causal analysis.  Though perhaps not representative of the potential for off-site migration, it is important to acknowledge that MW-SAT with its close proximity to the recharge well and eleven discrete monitoring zones within the PAS has proven invaluable to understanding these types of geochemical reactions at a highly granular level of detail.  Continued weekly monitoring at the SWIFT RC’s conventional wells as the recharge front approaches will be useful in understanding the potential for arsenic mobilization further afield.  Our quarterly report to EPA, VDH and DEQ covering our first quarter of operations in 2019 (April – June) will document the results of this on-going investigation.


Screen 9 Arsenic


Background Arsenic	43210	43596	0.5	0.5	Detection Limit	43235	43585	1	1	SWIFT Water	43235	43263	43291	43326	43354	43375	43410	43438	1	0.36	0.41	0.5	0.5	0.5	0.5	0.22	Arsenic	43245	43255	43262	43269	43277	43283	43291	43298	43315	43332	43335	43354	43361	43369	43374	43388	43395	43402	43417	43423	43453	43461	43467	43474	43481	43488	43495	43502	43509	43516	43523	43530	43537	43544	43551	43558	43565	43572	43579	43591	43593	43594	43595	43596	0.5	1.39	0.5	1.25	0.5	0.5	0.5	0.5	0.5	0.5	0.5	0.5	1.33	2.23	1.99	2.84	3.6	3.18	5.54	6.59	1.63	1.72	1.97	1.44	1.53	1.52	1.38	1.54	1.1399999999999999	1.1000000000000001	0.5	0.5	0.5	0.5	0.5	0.5	0.5	0.5	0.5	18.100000000000001	17.5	9.1	8.4	7.51	MCL	43220	43620	10	10	Date





Arsenic  (ug/L)











SWIFT DO (mg/L)	43584	43584.010416666664	43584.020833333328	43584.031249999993	43584.041666666657	43584.052083333321	43584.062499999985	43584.07291666665	43584.083333333314	43584.093749999978	43584.104166666642	43584.114583333307	43584.124999999971	43584.135416666635	43584.145833333299	43584.156249999964	43584.166666666628	43584.177083333292	43584.187499999956	43584.197916666621	43584.208333333285	43584.218749999949	43584.229166666613	43584.239583333278	43584.249999999942	43584.260416666606	43584.27083333327	43584.281249999935	43584.291666666599	43584.302083333263	43584.312499999927	43584.322916666591	43584.333333333256	43584.34374999992	43584.354166666584	43584.364583333248	43584.374999999913	43584.385416666577	43584.395833333241	43584.406249999905	43584.41666666657	43584.427083333234	43584.437499999898	43584.447916666562	43584.458333333227	43584.468749999891	43584.479166666555	43584.489583333219	43584.499999999884	43584.510416666548	43584.520833333212	43584.531249999876	43584.541666666541	43584.552083333205	43584.562499999869	43584.572916666533	43584.583333333198	43584.593749999862	43584.604166666526	43584.61458333319	43584.624999999854	43584.635416666519	43584.645833333183	43584.656249999847	43584.666666666511	43584.677083333176	43584.68749999984	43584.697916666504	43584.708333333168	43584.718749999833	43584.729166666497	43584.739583333161	43584.749999999825	43584.76041666649	43584.770833333154	43584.781249999818	43584.791666666482	43584.802083333147	43584.812499999811	43584.822916666475	43584.833333333139	43584.843749999804	43584.854166666468	43584.864583333132	43584.874999999796	43584.885416666461	43584.895833333125	43584.906249999789	43584.916666666453	43584.927083333117	43584.93749	9999782	43584.947916666446	43584.95833333311	43584.968749999774	43584.979166666439	43584.989583333103	43584.999999999767	43585.010416666431	43585.020833333096	43585.03124999976	43585.041666666424	43585.052083333088	43585.062499999753	43585.072916666417	43585.083333333081	43585.093749999745	43585.10416666641	43585.114583333074	43585.124999999738	43585.135416666402	43585.145833333067	43585.156249999731	43585.166666666395	43585.177083333059	43585.187499999724	43585.197916666388	43585.208333333052	43585.218749999716	43585.22916666638	43585.239583333045	43585.249999999709	43585.260416666373	43585.270833333037	43585.281249999702	43585.291666666366	43585.30208333303	43585.312499999694	43585.322916666359	43585.333333333023	43585.343749999687	43585.354166666351	43585.364583333016	43585.37499999968	43585.385416666344	43585.395833333008	43585.406249999673	43585.416666666337	43585.427083333001	43585.437499999665	43585.44791666633	43585.458333332994	43585.468749999658	43585.479166666322	43585.489583332987	43585.499999999651	43585.510416666315	43585.520833332979	43585.531249999643	43585.541666666308	43585.552083332972	43585.562499999636	43585.5729166663	43585.583333332965	43585.593749999629	43585.604166666293	43585.614583332957	43585.624999999622	43585.635416666286	43585.64583333295	43585.656249999614	43585.666666666279	43585.677083332943	43585.687499999607	43585.697916666271	43585.708333332936	43585.7187499996	43585.729166666264	43585.739583332928	43585.749999999593	43585.760416666257	43585.770833332921	43585.781249999585	43585.79166666625	43585.802083332914	43585.812499999578	43585.822916666242	43585.833333332906	43585.843749999571	43585.854166666235	43585.864583332899	43585.874999999563	43585.885416666228	43585.895833332892	43585.906249999556	43585.91666666622	43585.927083332885	43585.937499999549	43585.947916666213	43585.958333332877	43585.968749999542	43585.979166666206	43585.98958333287	43585.999999999534	43586.010416666199	43586.020833332863	43586.031249999527	43586.041666666191	43586.052083332856	43586.06249999952	43586.072916666184	43586.083333332848	43586.093749999513	43586.104166666177	43586.114583332841	43586.124999999505	43586.135416666169	43586.145833332834	43586.156249999498	43586.166666666162	43586.177083332826	43586.187499999491	43586.197916666155	43586.208333332819	43586.218749999483	43586.229166666148	43586.239583332812	43586.249999999476	43586.26041666614	43586.270833332805	43586.281249999469	43586.291666666133	43586.302083332797	43586.312499999462	43586.322916666126	43586.33333333279	43586.343749999454	43586.354166666119	43586.364583332783	43586.374999999447	43586.385416666111	43586.395833332776	43586.40624999944	43586.416666666104	43586.427083332768	43586.437499999432	43586.447916666097	43586.458333332761	43586.468749999425	43586.479166666089	43586.489583332754	43586.499999999418	43586.510416666082	43586.520833332746	43586.531249999411	43586.541666666075	43586.552083332739	43586.562499999403	43586.572916666068	43586.583333332	732	43586.593749999396	43586.60416666606	43586.614583332725	43586.624999999389	43586.635416666053	43586.645833332717	43586.656249999382	43586.666666666046	43586.67708333271	43586.687499999374	43586.697916666039	43586.708333332703	43586.718749999367	43586.729166666031	43586.739583332695	43586.74999999936	43586.760416666024	43586.770833332688	43586.781249999352	43586.791666666017	43586.802083332681	43586.812499999345	43586.822916666009	43586.833333332674	43586.843749999338	43586.854166666002	43586.864583332666	43586.874999999331	43586.885416665995	43586.895833332659	43586.906249999323	43586.916666665988	43586.927083332652	43586.937499999316	43586.94791666598	43586.958333332645	43586.968749999309	43586.979166665973	43586.989583332637	43586.999999999302	43587.010416665966	43587.02083333263	43587.031249999294	43587.041666665958	43587.052083332623	43587.062499999287	43587.072916665951	43587.083333332615	43587.09374999928	43587.104166665944	43587.114583332608	43587.124999999272	43587.135416665937	43587.145833332601	43587.156249999265	43587.166666665929	43587.177083332594	43587.187499999258	43587.197916665922	43587.208333332586	43587.218749999251	43587.229166665915	43587.239583332579	43587.249999999243	43587.260416665908	43587.270833332572	43587.281249999236	43587.2916666659	43587.302083332565	43587.312499999229	43587.322916665893	43587.333333332557	43587.343749999221	43587.354166665886	43587.36458333255	43587.374999999214	43587.385416665878	43587.395833332543	43587.4062	49999207	43587.416666665871	43587.427083332535	43587.4374999992	43587.447916665864	43587.458333332528	43587.468749999192	43587.479166665857	43587.489583332521	43587.499999999185	43587.510416665849	43587.520833332514	43587.531249999178	43587.541666665842	43587.552083332506	43587.562499999171	43587.572916665835	43587.583333332499	43587.593749999163	43587.604166665828	43587.614583332492	43587.624999999156	43587.63541666582	43587.645833332484	43587.656249999149	43587.666666665813	43587.677083332477	43587.687499999141	43587.697916665806	43587.70833333247	43587.718749999134	43587.729166665798	43587.739583332463	43587.749999999127	43587.760416665791	43587.770833332455	43587.78124999912	43587.791666665784	43587.802083332448	43587.812499999112	43587.822916665777	43587.833333332441	43587.843749999105	43587.854166665769	43587.864583332434	43587.874999999098	43587.885416665762	43587.895833332426	43587.906249999091	43587.916666665755	43587.927083332419	43587.937499999083	43587.947916665747	43587.958333332412	43587.968749999076	43587.97916666574	43587.989583332404	43587.999999999069	43588.010416665733	43588.020833332397	43588.031249999061	43588.041666665726	43588.05208333239	43588.062499999054	43588.072916665718	43588.083333332383	43588.093749999047	43588.104166665711	43588.114583332375	43588.12499999904	43588.135416665704	43588.145833332368	43588.156249999032	43588.166666665697	43588.177083332361	43588.187499999025	43588.197916665689	43588.208333332354	43588.218749999018	435	88.229166665682	43588.239583332346	43588.24999999901	43588.260416665675	43588.270833332339	43588.281249999003	43588.291666665667	43588.302083332332	43588.312499998996	43588.32291666566	43588.333333332324	43588.343749998989	43588.354166665653	43588.364583332317	43588.374999998981	43588.385416665646	43588.39583333231	43588.406249998974	43588.416666665638	43588.427083332303	43588.437499998967	43588.447916665631	43588.458333332295	43588.46874999896	43588.479166665624	43588.489583332288	43588.499999998952	43588.510416665617	43588.520833332281	43588.531249998945	43588.541666665609	43588.552083332273	43588.562499998938	43588.572916665602	43588.583333332266	43588.59374999893	43588.604166665595	43588.614583332259	43588.624999998923	43588.635416665587	43588.645833332252	43588.656249998916	43588.66666666558	43588.677083332244	43588.687499998909	43588.697916665573	43588.708333332237	43588.718749998901	43588.729166665566	43588.73958333223	43588.749999998894	43588.760416665558	43588.770833332223	43588.781249998887	43588.791666665551	43588.802083332215	43588.81249999888	43588.822916665544	43588.833333332208	43588.843749998872	43588.854166665536	43588.864583332201	43588.874999998865	43588.885416665529	43588.895833332193	43588.906249998858	43588.916666665522	43588.927083332186	43588.93749999885	43588.947916665515	43588.958333332179	43588.968749998843	43588.979166665507	43588.989583332172	43588.999999998836	43589.0104166655	43589.020833332164	43589.031249998829	43589.041666665493	43589.052083332157	43589.062499998821	43589.072916665486	43589.08333333215	43589.093749998814	43589.104166665478	43589.114583332143	43589.124999998807	43589.135416665471	43589.145833332135	43589.156249998799	43589.166666665464	43589.177083332128	43589.187499998792	43589.197916665456	43589.208333332121	43589.218749998785	43589.229166665449	43589.239583332113	43589.249999998778	43589.260416665442	43589.270833332106	43589.28124999877	43589.291666665435	43589.302083332099	43589.312499998763	43589.322916665427	43589.333333332092	43589.343749998756	43589.35416666542	43589.364583332084	43589.374999998749	43589.385416665413	43589.395833332077	43589.406249998741	43589.416666665406	43589.42708333207	43589.437499998734	43589.447916665398	43589.458333332062	43589.468749998727	43589.479166665391	43589.489583332055	43589.499999998719	43589.510416665384	43589.520833332048	43589.531249998712	43589.541666665376	43589.552083332041	43589.562499998705	43589.572916665369	43589.583333332033	43589.593749998698	43589.604166665362	43589.614583332026	43589.62499999869	43589.635416665355	43589.645833332019	43589.656249998683	43589.666666665347	43589.677083332012	43589.687499998676	43589.69791666534	43589.708333332004	43589.718749998668	43589.729166665333	43589.739583331997	43589.749999998661	43589.760416665325	43589.77083333199	43589.781249998654	43589.791666665318	43589.802083331982	43589.812499998647	43589.822916665311	43589.833333331975	43589.843749998639	43589.854166665304	43589.864583331968	43589.874999998632	43589.885416665296	43589.895833331961	43589.906249998625	43589.916666665289	43589.927083331953	43589.937499998618	43589.947916665282	43589.958333331946	43589.96874999861	43589.979166665275	43589.989583331939	43589.999999998603	43590.010416665267	43590.020833331931	43590.031249998596	43590.04166666526	43590.052083331924	43590.062499998588	43590.072916665253	43590.083333331917	43590.093749998581	43590.104166665245	43590.11458333191	43590.124999998574	43590.135416665238	43590.145833331902	43590.156249998567	43590.166666665231	43590.177083331895	43590.187499998559	43590.197916665224	43590.208333331888	43590.218749998552	43590.229166665216	43590.239583331881	43590.249999998545	43590.260416665209	43590.270833331873	43590.281249998538	43590.291666665202	43590.302083331866	43590.31249999853	43590.322916665194	43590.333333331859	43590.343749998523	43590.354166665187	43590.364583331851	43590.374999998516	43590.38541666518	43590.395833331844	43590.406249998508	43590.416666665173	43590.427083331837	43590.437499998501	43590.447916665165	43590.45833333183	43590.468749998494	43590.479166665158	43590.489583331822	43590.499999998487	43590.510416665151	43590.520833331815	43590.531249998479	43590.541666665144	43590.552083331808	43590.562499998472	43590.572916665136	43590.583333331801	43590.593749998465	43590.604166665129	43590.614583331793	43590.624999998457	43590.635416665122	43590.645833331786	43590.65624999845	43590.666666665114	43590.677083331779	43590.687499998443	43590.697916665107	43590.708333331771	43590.718749998436	43590.7291666651	43590.739583331764	43590.749999998428	43590.760416665093	43590.770833331757	43590.781249998421	43590.791666665085	43590.80208333175	43590.812499998414	43590.822916665078	43590.833333331742	43590.843749998407	43590.854166665071	43590.864583331735	43590.874999998399	43590.885416665064	43590.895833331728	43590.906249998392	43590.916666665056	43590.92708333172	43590.937499998385	43590.947916665049	43590.958333331713	43590.968749998377	43590.979166665042	43590.989583331706	43590.99999999837	43591.010416665034	43591.020833331699	43591.031249998363	43591.041666665027	43591.052083331691	43591.062499998356	43591.07291666502	43591.083333331684	43591.093749998348	43591.1041666650	13	43591.114583331677	43591.124999998341	43591.135416665005	43591.14583333167	43591.156249998334	43591.166666664998	43591.177083331662	43591.187499998327	43591.197916664991	43591.208333331655	43591.218749998319	43591.229166664983	43591.239583331648	43591.249999998312	43591.260416664976	43591.27083333164	43591.281249998305	43591.291666664969	43591.302083331633	43591.312499998297	43591.322916664962	43591.333333331626	43591.34374999829	43591.354166664954	43591.364583331619	43591.374999998283	43591.385416664947	43591.395833331611	43591.406249998276	43591.41666666494	43591.427083331604	43591.437499998268	43591.447916664933	43591.458333331597	43591.468749998261	43591.479166664925	43591.48958333159	43591.499999998254	43591.510416664918	43591.520833331582	43591.531249998246	43591.541666664911	43591.552083331575	43591.562499998239	43591.572916664903	43591.583333331568	43591.593749998232	43591.604166664896	43591.61458333156	43591.624999998225	43591.635416664889	43591.645833331553	43591.656249998217	43591.666666664882	43591.677083331546	43591.68749999821	43591.697916664874	43591.708333331539	43591.718749998203	43591.729166664867	43591.739583331531	43591.749999998196	43591.76041666486	43591.770833331524	43591.781249998188	43591.791666664853	43591.802083331517	43591.812499998181	43591.822916664845	43591.833333331509	43591.843749998174	43591.854166664838	43591.864583331502	43591.874999998166	43591.885416664831	43591.895833331495	43591.906249998159	43591.916666664823	43591.927083	331488	43591.937499998152	43591.947916664816	43591.95833333148	43591.968749998145	43591.979166664809	43591.989583331473	43591.999999998137	43592.010416664802	43592.020833331466	43592.03124999813	43592.041666664794	43592.052083331459	43592.062499998123	43592.072916664787	43592.083333331451	43592.093749998116	43592.10416666478	43592.114583331444	43592.124999998108	43592.135416664772	43592.145833331437	43592.156249998101	43592.166666664765	43592.177083331429	43592.187499998094	43592.197916664758	43592.208333331422	43592.218749998086	43592.229166664751	43592.239583331415	43592.249999998079	43592.260416664743	43592.270833331408	43592.281249998072	43592.291666664736	43592.3020833314	43592.312499998065	43592.322916664729	43592.333333331393	43592.343749998057	43592.354166664722	43592.364583331386	43592.37499999805	43592.385416664714	43592.395833331379	43592.406249998043	43592.416666664707	43592.427083331371	43592.437499998035	43592.4479166647	43592.458333331364	43592.468749998028	43592.479166664692	43592.489583331357	43592.499999998021	43592.510416664685	43592.520833331349	43592.531249998014	43592.541666664678	43592.552083331342	43592.562499998006	43592.572916664671	43592.583333331335	43592.593749997999	43592.604166664663	43592.614583331328	43592.624999997992	43592.635416664656	43592.64583333132	43592.656249997985	43592.666666664649	43592.677083331313	43592.687499997977	43592.697916664642	43592.708333331306	43592.71874999797	43592.729166664634	43592.739583331298	43592.7499	99997963	43592.760416664627	43592.770833331291	43592.781249997955	43592.79166666462	43592.802083331284	43592.812499997948	43592.822916664612	43592.833333331277	43592.843749997941	43592.854166664605	43592.864583331269	43592.874999997934	43592.885416664598	43592.895833331262	43592.906249997926	43592.916666664591	43592.927083331255	43592.937499997919	43592.947916664583	43592.958333331248	43592.968749997912	43592.979166664576	43592.98958333124	43592.999999997905	43593.010416664569	43593.020833331233	43593.031249997897	43593.041666664561	43593.052083331226	43593.06249999789	43593.072916664554	43593.083333331218	43593.093749997883	43593.104166664547	43593.114583331211	43593.124999997875	43593.13541666454	43593.145833331204	43593.156249997868	43593.166666664532	43593.177083331197	43593.187499997861	43593.197916664525	43593.208333331189	43593.218749997854	43593.229166664518	43593.239583331182	43593.249999997846	43593.260416664511	43593.270833331175	43593.281249997839	43593.291666664503	43593.302083331168	43593.312499997832	43593.322916664496	43593.33333333116	43593.343749997824	43593.354166664489	43593.364583331153	43593.374999997817	43593.385416664481	43593.395833331146	43593.40624999781	43593.416666664474	43593.427083331138	43593.437499997803	43593.447916664467	43593.458333331131	43593.468749997795	43593.47916666446	43593.489583331124	43593.499999997788	43593.510416664452	43593.520833331117	43593.531249997781	43593.541666664445	43593.552083331109	43593.562499997774	435	93.572916664438	43593.583333331102	43593.593749997766	43593.604166664431	43593.614583331095	16.605247441890135	16.624682382527808	16.621875640204124	16.560305116215197	16.487145006401601	16.021005729811748	15.511411927421804	15.490589504682395	15.483719907786748	15.478670113474992	15.093413033470766	14.190274578171547	14.182399749755859	14.172612724707697	14.180312071502698	13.999616979984685	13.848872882563295	13.843700408935547	13.843700408935547	13.837016797043093	13.790489033926892	13.738333046795573	13.680071583813973	13.604095250922368	13.515475127210451	13.425991604871029	13.344608944077386	13.282650978638895	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	13.300466924633609	0	14.060347193619245	14.304882445377263	14.430086318250611	14.794057206513992	15.177889806000033	15.581447797241141	16.031485734128545	16.556480618003484	17.178618359498632	17.823351777246337	18.512105901506214	18.396855086727737	18.165013217048777	18.012934599238349	17.957255631607328	17.949901565551759	17.980223510375136	17.989790738769997	18.012890693049489	18.023163118033573	0	18.044646661048485	18.035562155615423	18.046192206423129	18.018420236655299	18.013900756835938	18.022462673187256	18.039085488033134	18.054440629510896	18.072781102914959	18.078439163162933	18.092066487749676	18.076719412003811	18.018585212279742	17.90844324530752	0	0	0	0	17.867564799670991	0	0	17.619024078162823	17.431807748354203	17.181683399484946	17.04847321430514	17.073366016544394	17.184806344471912	17.334363514803115	17.466295459529167	17.586301340446134	17.683083677341422	17.884420526052885	17.806705459792816	17.992337631237966	17.898887303975599	17.932727915326865	17.94970289635577	17.949800491333008	17.952406986015589	17.950180543272811	17.949800491333008	17.950038936040173	17.993856497268478	18.086019337387427	18.107859187535176	18.033817173922344	17.917250005724263	17.828002000048613	17.785448067797599	17.793711464229212	17.833427076152848	17.911719172926201	17.973715450378631	18.036463287589477	18.094902778900774	18.123267316145249	18.162596139521188	18.188471944549612	18.206002027770943	18.211340378392698	18.226193704867732	18.245426177978516	18.249302510133724	18.266514918180075	18.280903778764902	18.248812508324615	18.225781649436154	18.206552506550977	18.206199645996094	18.203780862742455	18.192569837949499	18.147142903087765	18.107319398276825	18.073877828607838	18.021616415818656	17.971334457631713	0	0	0	17.394871214046372	17.318958737218086	17.451366860029154	0	0	0	0	0	18.189034104050858	18.215624676970656	18.190687359310179	18.173845060143915	18.045542926004487	17.910441977898177	17.775845903743992	17.753000259399414	17.763097282439944	17.848647015599216	17.941407842734424	0	0	0	0	17.759502730890649	17.831002082252539	17.915474142720672	17.996847099192774	18.067814497370243	18.134092792055537	18.208810177992955	18.28818776923201	18.340643620800297	18.387227689700513	18.431872762044271	18.464754688689705	18.496914923100761	18.51803059810905	18.517186049077313	18.521705690486058	18.565178674864729	18.595989738118178	18.590522993267093	18.561534458496563	18.466545498696149	18.437069232438436	18.448512377641379	18.484099003041674	18.526789575167442	18.576494467123691	18.624595610685855	18.670240741534251	18.690800573862379	18.691400527954102	18.692181358042451	18.705295495116466	18.692838731650891	18.704907357175433	18.70639580572594	18.714300155639648	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	18.465915343185195	18.523550768912088	18.071171856143582	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	15.818943028374184	15.596947475936123	15.756325772474483	16.097846785927732	16.477817569754105	16.834750277136127	17.117589902853815	17.374866108531876	17.550906239967542	17.714926514708729	17.842414716903097	17.957213701185026	18.052389177782782	18.133053825620998	18.19215480254751	18.256679260538721	18.297368391986105	18.326351074278833	18.352111771594782	18.3746818589462	18.383950970982202	18.363100130651755	18.373677441965491	18.374064836658654	18.375786881911271	18.383833317221214	18.357551056458412	18.350650340186224	18.34890993185585	18.36297546098783	18.338378568834202	18.331765649061936	18.329799652099609	18.318474540710451	18.296691463133335	18.278974415099462	18.267272230211418	18.26569938659668	18.258066669352875	18.258575605520051	18.247934312804077	18.251144804970917	18.263902634213029	18.230330139551405	18.221697360445649	18.197691147641283	18.224495375071431	18.232863995566785	18.228206806526536	18.212494843769811	18.241966673947527	18.247009794055906	18.236852342116357	18.277116102675258	18.299568176269531	18.321651204079899	18.33427551760094	18.3558699812809	18.376154573441642	18.395025610149975	18.404484713220469	18.422795289138268	18.464839722891561	18.465867572501722	18.481145510917258	18.494708004823664	18.504010872811921	18.508477323688872	18.486601706194175	18.361330766999991	18.221715855839758	18.056275096513581	17.885705369393403	0	0	17.399936287696246	17.398905851310374	17.50607999590359	0	0	0	0	0	0	0	17.963994753347691	17.967204215888287	18.057183860966628	18.137655535019942	18.196401061891692	18.27346733749971	18.349265872179942	18.441239137691312	18.549858682051752	18.614453762722835	18.643592311004213	18.67682045775009	18.718358981377946	18.736529333224595	18.744046138534706	18.742589182748876	18.72501572112083	18.738869050122087	18.753858921921662	18.734728365974544	18.750166255711747	18.772681927516714	18.780329941407164	18.808617590712846	18.831084758164856	18.884060325529305	18.946775783407276	19.024365051485002	19.015848914365773	18.920587764767955	18.820357488800958	18.774335857660553	18.815603168543863	18.879936365132107	18.95620053103449	19.051650176169986	19.121349982290088	19.203431674226323	19.249603813003635	19.441603711646341	19.320541483408	19.32389798637017	19.343564914770372	19.356071817515453	19.344330937479018	19.344836137824903	19.408506586669819	19.469936728039723	19.4607805552941	19.356872258276617	19.185031257265155	18.981283548138549	18.809001743367805	18.784275846366423	18.854957111887188	18.96825762667558	19.097231446808031	19.221638255016934	19.311462447491703	19.41101495693816	19.50477921190911	19.556240561061433	19.597917915998462	19.542983671487804	19.494133156116973	19.407783922113143	19.347628153740285	19.27682741385145	19.266993239594822	19.296988163083597	19.361038880647286	0	0	19.409572320770028	19.349668802436742	19.273797535600334	19.166427334645896	19.153285427945587	19.204806119849884	19.311180659852397	19.409690179004521	19.516215927560964	19.589604696651982	19.660907619033544	19.703817456962241	19.759109869441531	19.79882566474156	19.823131576660007	19.86528522658358	19.869237348314833	19.8719914560318	0	0	19.857818516930006	19.808255085085094	0	0	0	0	0	0	17.883273155851757	18.079928299988939	18.420020994394626	18.774480840013336	19.102105782555824	19.378119330062081	19.59348963443464	19.771992976946414	19.858461555016444	19.972932751464651	20.045055032598562	20.077064627447481	20.076303317357624	20.099416568650863	20.090101471900216	20.076469618965383	20.076728513761498	20.064947530567441	20.051424688273677	20.028046692734694	20.002716660181456	20.024838890867976	20.011750856601342	20.004351800994087	19.989581777919888	19.970401709151446	19.984947183273487	19.974223143753214	19.957857558268842	19.92860704444977	19.927400588989258	19.903399176100606	19.895444334888726	19.894123751738576	19.854656347238794	19.86123438265566	19.842010911616242	19.827176335739761	19.812445796330771	19.809454278314494	19.78871472103955	19.803955069983477	19.844356005650948	19.8691005168549	19.898493534506184	19.88147436312677	19.87850578137396	19.877688922882079	19.863300323486328	19.845617638294055	19.836315388549547	19.842558866857591	19.831555975511744	19.820465822	795182	19.823348490208954	19.789397188671302	19.775304535702894	19.75799950745257	19.757940211337118	19.738228993538097	19.712993548421263	19.700988884573757	19.712844665639238	19.754131482510363	19.801675731003883	19.80988220149635	19.705972869273594	19.562572968882098	19.465744211336748	19.447870200697132	19.493303614267884	19.55179231703076	19.63452611630883	19.723450186493675	19.806912923296316	19.845816001990407	19.899801045196419	19.95126113134522	19.966788204363532	20.000765588888331	0	20.032699584960937	20.050417329235447	20.05603693932602	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	16.463370738797206	17.509527010672969	18.282427969274341	18.692051474256012	18.891870205794525	18.973050001781445	19.029748577537934	19.076273406634598	19.117955118661904	19.162930142332794	19.234559375460982	19.313151488025575	19.344632002733675	19.391492837864703	19.438355533986449	19.472151942852239	19.478968363904279	19.492719786057823	19.47991483359835	19.489077032727206	19.461658971635302	19.470450111346484	19.457374876428563	19.452583889270503	19.463700124177404	19.449210156334772	19.437599182128906	19.43726517249798	19.405798181994211	19.351888446349047	19.201311164059	646	19.034806001540804	18.840197883105123	18.614839289398095	18.401780645234659	18.20139855635118	17.936044024173537	17.443685768517486	16.906524568653669	16.643457447897521	16.709444864544459	16.98163839464079	17.310062223342211	17.626995697933395	17.893871775970883	18.111148579386452	18.286508562831347	18.40317578712542	18.516540160549816	18.624286432785873	18.700494674154257	18.736009672356488	18.78970806717259	18.832524450090197	18.873101899399998	18.93334231334153	0	18.965199723875902	18.987751843853733	0	0	0	0	0	0	0	0	0	0	0	0	18.18111503210768	18.534012575386296	18.83678761250194	19.	077828546714592	19.290468262510565	19.462635171332053	19.614851271931293	19.744492248500777	19.834646836244971	19.914819226634293	19.973613972527236	20.009782987793454	20.051479600964626	20.082200688880729	20.094410830036445	20.129972206215356	20.106414164391673	20.053553114371372	20.008595883720893	19.979453115105787	19.908986432115078	19.863880012553352	19.88061157023316	19.91392790023022	19.987785233708305	20.063190141433289	20.175070777769832	20.25331438937857	20.201348187625662	20.058687150472924	19.931349269959377	19.942358784361485	20.056642672660377	20.20878629346759	20.444017832960213	20.649699143225192	20.857822617638362	21.01998227231481	21.18666931826538	21.331035129227459	21.4068781836773	21.409864080310168	21.367120310052588	21.299788482488619	21.330672913156118	21.382084489946557	21.430808868286217	21.500466284011853	21.592550143841827	21.697189503686179	21.823875717459053	21.915767375140494	22.036725389912512	22.095728389307482	22.173917866638625	22.251426650791952	22.296561140484279	22.335199356079102	22.364186920589869	22.398473876900781	22.39479642491807	22.410098509127831	22.462771144573949	22.468495356973087	22.522196408764227	22.556013716949565	22.579381327089813	22.561160570374	22.548797914221584	22.577750047543276	22.59160041809082	22.614406722355884	22.763946677662044	22.934649863695494	23.046311225404555	23.052878607914327	22.773373026812358	22.439016230629804	22.3843406985775	21.994032679899643	21.818372477625129	21.956851353548188	21.923	500899490577	22.156959566366968	22.403380934851771	22.635470027010282	22.811973279634113	22.976887220861666	23.101879495756613	23.331011518144777	23.207100254480149	23.23345437864057	23.236156185438244	23.267416225434769	23.239833408131034	23.190525199312777	23.182100296020508	23.177921664847496	23.122896391813345	0	23.004869132086203	22.978970034387917	22.922062422245322	22.889322942492566	22.846015614901965	22.801353265492605	22.756007832496365	22.713554414533338	22.65818643508981	22.625671683010992	22.604267298090225	22.567237413460774	22.55598476471922	22.515778339604172	22.448308179963309	22.347139278947683	22.236104531081676	22.106769359571864	21.946329827931802	21.678381419167046	21.433258122799849	0	21.09991344	8440795	21.054014825095141	0	0	0	0	21.344968255045039	21.371132515320667	21.371694303090536	21.349470714892814	21.359435928903437	21.355155590013961	21.289325276497483	21.21240940697551	21.161760501143597	21.119938128314441	21.05855399554132	20.978361094984518	20.92264907679607	20.861967953510437	20.824119829299477	20.761942412328029	20.693651957355854	20.652782755803543	20.61134172771494	20.558445237563351	20.506376006455255	20.473504058273232	20.428214149082613	20.388198897757761	20.328192883144908	0	0	0	19.127325930599575	18.954558076416852	18.615660791422542	18.289915965687143	18.246282564003319	18.373562085549811	18.637346103955093	18.917150208819386	19.196183072396778	19.444102968499251	19.654459483633516	19.826175732739042	19.999302480855267	20.122756164379336	20.223154978107441	20.328069757123334	20.361786985397337	20.418257763489908	20.468740282918052	20.529173512865317	20.572229054918587	20.578152587921263	20.59721228940305	20.594926885150784	20.559493348369742	20.529351461357603	20.505247577743059	20.51046710678817	20.473728781353792	20.47168624150591	20.409349031175232	20.344432016452824	20.267806519689493	20.220560296138355	20.214952511789779	20.167441655710906	20.07054580782744	20.004932284214597	19.958745559501615	19.960349547402711	19.987814414431668	20.004508687125313	20.187900583843842	19.959573872845308	19.792987529112672	19.648362941643285	19.590239629974086	19.621702030551578	19.710493722460896	19.781600363011748	19.868593988404566	19.991691983526238	20.057799359143033	20.104005695156022	20.072544417421369	20.06371023641081	20.08533053774487	20.121835232332486	20.206808772694675	20.261755522344181	20.293848209504699	20.310024412325568	20.329189149948327	20.341357267976218	20.330307437021737	20.311563730256221	20.331039498581511	20.333559157119172	0	20.25092689212336	20.230181634316015	0	20.304111304885186	20.395960778369197	20.446719554048851	20.367331316353596	20.203404339949557	20.064956026978777	20.032699584960937	20.05888472550502	20.131335019098636	20.240419800947333	20.326086605906639	20.43412601092427	20.498258956725387	20.55762422800473	20.569005594179146	20.618886601204562	20.6329059262724	20.655464883164104	20.661415065753513	20.670490619365985	20.687506999969482	20.982858602735732	20.709430594395119	20.718882810549299	20.717444885380157	20.712656405203244	20.975422420731359	20.945209296689693	21.064714084462224	21.096439066646571	21.112506076466182	21.132007632876558	21.131530511821968	21.154704749943459	21.173038587464916	21.199836105781458	21.230253433220973	21.247456630686816	21.264147613478862	21.272168351739204	21.317397181147793	21.324580734335246	21.332700729370117	21.331356193277387	21.313642341939204	21.336868951313289	21.348826357099743	21.369092901821794	21.344540351589277	21.36676907656944	21.36590334460568	21.421206077265605	21.460137655183896	21.496315382928536	21.489434373089018	21.306270740741883	21.168806188365735	21.101195746544164	21.167114557188768	21.457006486167593	21.40072565979353	21.536437154567839	21.683188239690558	SWIFT pH 	43584	43584.010416666664	43584.020833333328	43584.031249999993	43584.041666666657	43584.052083333321	43584.062499999985	43584.07291666665	43584.083333333314	43584.093749999978	43584.104166666642	43584.114583333307	43584.124999999971	43584.135416666635	43584.145833333299	43584.156249999964	43584.166666666628	43584.177083333292	43584.187499999956	43584.197916666621	43584.208333333285	43584.218749999949	43584.229166666613	43584.239583333278	43584.249999999942	43584.260416666606	43584.27083333327	43584.281249999935	43584.291666666599	43584.302083333263	43584.312499999927	43584.322916666591	43584.333333333256	43584.34374999992	43584.354166666584	43584.364583333248	43584.374999999913	43584.385416666577	43584.395833333241	43584.406249999905	43584.41666666657	43584.427083333234	43584.437499999898	43584.447916666562	43584.458333333227	43584.468749999891	43584.479166666555	43584.489583333219	43584.499999999884	43584.510416666548	43584.520833333212	43584.531249999876	43584.541666666541	43584.552083333205	43584.562499999869	43584.572916666533	43584.583333333198	43584.593749999862	43584.604166666526	43584.61458333319	43584.624999999854	43584.635416666519	43584.645833333183	43584.656249999847	43584.666666666511	43584.677083333176	43584.68749999984	43584.697916666504	43584.708333333168	43584.718749999833	43584.729166666497	43584.739583333161	43584.749999999825	43584.76041666649	43584.770833333154	43584.781249999818	43584.791666666482	43584.802083333147	43584.812499999811	43584.822916666475	43584.833333333139	43584.843749999804	43584.854166666468	43584.864583333132	43584.874999999796	43584.885416666461	43584.895833333125	43584.906249999789	43584.916666666453	43584.927083333117	43584.937499999782	43584.947916666446	43584.95833333311	43584.968749999774	43584.979166	666439	43584.989583333103	43584.999999999767	43585.010416666431	43585.020833333096	43585.03124999976	43585.041666666424	43585.052083333088	43585.062499999753	43585.072916666417	43585.083333333081	43585.093749999745	43585.10416666641	43585.114583333074	43585.124999999738	43585.135416666402	43585.145833333067	43585.156249999731	43585.166666666395	43585.177083333059	43585.187499999724	43585.197916666388	43585.208333333052	43585.218749999716	43585.22916666638	43585.239583333045	43585.249999999709	43585.260416666373	43585.270833333037	43585.281249999702	43585.291666666366	43585.30208333303	43585.312499999694	43585.322916666359	43585.333333333023	43585.343749999687	43585.354166666351	43585.364583333016	43585.37499999968	43585.385416666344	43585.395833333008	43585.406249999673	43585.416666666337	43585.427083333001	43585.437499999665	43585.44791666633	43585.458333332994	43585.468749999658	43585.479166666322	43585.489583332987	43585.499999999651	43585.510416666315	43585.520833332979	43585.531249999643	43585.541666666308	43585.552083332972	43585.562499999636	43585.5729166663	43585.583333332965	43585.593749999629	43585.604166666293	43585.614583332957	43585.624999999622	43585.635416666286	43585.64583333295	43585.656249999614	43585.666666666279	43585.677083332943	43585.687499999607	43585.697916666271	43585.708333332936	43585.7187499996	43585.729166666264	43585.739583332928	43585.749999999593	43585.760416666257	43585.770833332921	43585.781249999585	43585.79166666625	43585.80208333291	4	43585.812499999578	43585.822916666242	43585.833333332906	43585.843749999571	43585.854166666235	43585.864583332899	43585.874999999563	43585.885416666228	43585.895833332892	43585.906249999556	43585.91666666622	43585.927083332885	43585.937499999549	43585.947916666213	43585.958333332877	43585.968749999542	43585.979166666206	43585.98958333287	43585.999999999534	43586.010416666199	43586.020833332863	43586.031249999527	43586.041666666191	43586.052083332856	43586.06249999952	43586.072916666184	43586.083333332848	43586.093749999513	43586.104166666177	43586.114583332841	43586.124999999505	43586.135416666169	43586.145833332834	43586.156249999498	43586.166666666162	43586.177083332826	43586.187499999491	43586.197916666155	43586.208333332819	43586.218749999483	43586.229166666148	43586.239583332812	43586.249999999476	43586.26041666614	43586.270833332805	43586.281249999469	43586.291666666133	43586.302083332797	43586.312499999462	43586.322916666126	43586.33333333279	43586.343749999454	43586.354166666119	43586.364583332783	43586.374999999447	43586.385416666111	43586.395833332776	43586.40624999944	43586.416666666104	43586.427083332768	43586.437499999432	43586.447916666097	43586.458333332761	43586.468749999425	43586.479166666089	43586.489583332754	43586.499999999418	43586.510416666082	43586.520833332746	43586.531249999411	43586.541666666075	43586.552083332739	43586.562499999403	43586.572916666068	43586.583333332732	43586.593749999396	43586.60416666606	43586.614583332725	43586.624	999999389	43586.635416666053	43586.645833332717	43586.656249999382	43586.666666666046	43586.67708333271	43586.687499999374	43586.697916666039	43586.708333332703	43586.718749999367	43586.729166666031	43586.739583332695	43586.74999999936	43586.760416666024	43586.770833332688	43586.781249999352	43586.791666666017	43586.802083332681	43586.812499999345	43586.822916666009	43586.833333332674	43586.843749999338	43586.854166666002	43586.864583332666	43586.874999999331	43586.885416665995	43586.895833332659	43586.906249999323	43586.916666665988	43586.927083332652	43586.937499999316	43586.94791666598	43586.958333332645	43586.968749999309	43586.979166665973	43586.989583332637	43586.999999999302	43587.010416665966	43587.02083333263	43587.031249999294	43587.041666665958	43587.052083332623	43587.062499999287	43587.072916665951	43587.083333332615	43587.09374999928	43587.104166665944	43587.114583332608	43587.124999999272	43587.135416665937	43587.145833332601	43587.156249999265	43587.166666665929	43587.177083332594	43587.187499999258	43587.197916665922	43587.208333332586	43587.218749999251	43587.229166665915	43587.239583332579	43587.249999999243	43587.260416665908	43587.270833332572	43587.281249999236	43587.2916666659	43587.302083332565	43587.312499999229	43587.322916665893	43587.333333332557	43587.343749999221	43587.354166665886	43587.36458333255	43587.374999999214	43587.385416665878	43587.395833332543	43587.406249999207	43587.416666665871	43587.427083332535	43587.4374999992	43587.	447916665864	43587.458333332528	43587.468749999192	43587.479166665857	43587.489583332521	43587.499999999185	43587.510416665849	43587.520833332514	43587.531249999178	43587.541666665842	43587.552083332506	43587.562499999171	43587.572916665835	43587.583333332499	43587.593749999163	43587.604166665828	43587.614583332492	43587.624999999156	43587.63541666582	43587.645833332484	43587.656249999149	43587.666666665813	43587.677083332477	43587.687499999141	43587.697916665806	43587.70833333247	43587.718749999134	43587.729166665798	43587.739583332463	43587.749999999127	43587.760416665791	43587.770833332455	43587.78124999912	43587.791666665784	43587.802083332448	43587.812499999112	43587.822916665777	43587.833333332441	43587.843749999105	43587.854166665769	43587.864583332434	43587.874999999098	43587.885416665762	43587.895833332426	43587.906249999091	43587.916666665755	43587.927083332419	43587.937499999083	43587.947916665747	43587.958333332412	43587.968749999076	43587.97916666574	43587.989583332404	43587.999999999069	43588.010416665733	43588.020833332397	43588.031249999061	43588.041666665726	43588.05208333239	43588.062499999054	43588.072916665718	43588.083333332383	43588.093749999047	43588.104166665711	43588.114583332375	43588.12499999904	43588.135416665704	43588.145833332368	43588.156249999032	43588.166666665697	43588.177083332361	43588.187499999025	43588.197916665689	43588.208333332354	43588.218749999018	43588.229166665682	43588.239583332346	43588.24999999901	43588.260416665675	43588.270833332339	43588.281249999003	43588.291666665667	43588.302083332332	43588.312499998996	43588.32291666566	43588.333333332324	43588.343749998989	43588.354166665653	43588.364583332317	43588.374999998981	43588.385416665646	43588.39583333231	43588.406249998974	43588.416666665638	43588.427083332303	43588.437499998967	43588.447916665631	43588.458333332295	43588.46874999896	43588.479166665624	43588.489583332288	43588.499999998952	43588.510416665617	43588.520833332281	43588.531249998945	43588.541666665609	43588.552083332273	43588.562499998938	43588.572916665602	43588.583333332266	43588.59374999893	43588.604166665595	43588.614583332259	43588.624999998923	43588.635416665587	43588.645833332252	43588.656249998916	43588.66666666558	43588.677083332244	43588.687499998909	43588.697916665573	43588.708333332237	43588.718749998901	43588.729166665566	43588.73958333223	43588.749999998894	43588.760416665558	43588.770833332223	43588.781249998887	43588.791666665551	43588.802083332215	43588.81249999888	43588.822916665544	43588.833333332208	43588.843749998872	43588.854166665536	43588.864583332201	43588.874999998865	43588.885416665529	43588.895833332193	43588.906249998858	43588.916666665522	43588.927083332186	43588.93749999885	43588.947916665515	43588.958333332179	43588.968749998843	43588.979166665507	43588.989583332172	43588.999999998836	43589.0104166655	43589.020833332164	43589.031249998829	43589.041666665493	43589.052083332157	43589.062499998821	43589.072916665486	43589.08333333215	43589.093749998814	43589.104166665478	43589.114583332143	43589.124999998807	43589.135416665471	43589.145833332135	43589.156249998799	43589.166666665464	43589.177083332128	43589.187499998792	43589.197916665456	43589.208333332121	43589.218749998785	43589.229166665449	43589.239583332113	43589.249999998778	43589.260416665442	43589.270833332106	43589.28124999877	43589.291666665435	43589.302083332099	43589.312499998763	43589.322916665427	43589.333333332092	43589.343749998756	43589.35416666542	43589.364583332084	43589.374999998749	43589.385416665413	43589.395833332077	43589.406249998741	43589.416666665406	43589.42708333207	43589.437499998734	43589.447916665398	43589.458333332062	43589.468749998727	43589.479166665391	43589.489583332055	43589.49999999871	9	43589.510416665384	43589.520833332048	43589.531249998712	43589.541666665376	43589.552083332041	43589.562499998705	43589.572916665369	43589.583333332033	43589.593749998698	43589.604166665362	43589.614583332026	43589.62499999869	43589.635416665355	43589.645833332019	43589.656249998683	43589.666666665347	43589.677083332012	43589.687499998676	43589.69791666534	43589.708333332004	43589.718749998668	43589.729166665333	43589.739583331997	43589.749999998661	43589.760416665325	43589.77083333199	43589.781249998654	43589.791666665318	43589.802083331982	43589.812499998647	43589.822916665311	43589.833333331975	43589.843749998639	43589.854166665304	43589.864583331968	43589.874999998632	43589.885416665296	43589.895833331961	43589.906249998625	43589.916666665289	43589.927083331953	43589.937499998618	43589.947916665282	43589.958333331946	43589.96874999861	43589.979166665275	43589.989583331939	43589.999999998603	43590.010416665267	43590.020833331931	43590.031249998596	43590.04166666526	43590.052083331924	43590.062499998588	43590.072916665253	43590.083333331917	43590.093749998581	43590.104166665245	43590.11458333191	43590.124999998574	43590.135416665238	43590.145833331902	43590.156249998567	43590.166666665231	43590.177083331895	43590.187499998559	43590.197916665224	43590.208333331888	43590.218749998552	43590.229166665216	43590.239583331881	43590.249999998545	43590.260416665209	43590.270833331873	43590.281249998538	43590.291666665202	43590.302083331866	43590.31249999853	43590.322	916665194	43590.333333331859	43590.343749998523	43590.354166665187	43590.364583331851	43590.374999998516	43590.38541666518	43590.395833331844	43590.406249998508	43590.416666665173	43590.427083331837	43590.437499998501	43590.447916665165	43590.45833333183	43590.468749998494	43590.479166665158	43590.489583331822	43590.499999998487	43590.510416665151	43590.520833331815	43590.531249998479	43590.541666665144	43590.552083331808	43590.562499998472	43590.572916665136	43590.583333331801	43590.593749998465	43590.604166665129	43590.614583331793	43590.624999998457	43590.635416665122	43590.645833331786	43590.65624999845	43590.666666665114	43590.677083331779	43590.687499998443	43590.697916665107	43590.708333331771	43590.718749998436	43590.7291666651	43590.739583331764	43590.749999998428	43590.760416665093	43590.770833331757	43590.781249998421	43590.791666665085	43590.80208333175	43590.812499998414	43590.822916665078	43590.833333331742	43590.843749998407	43590.854166665071	43590.864583331735	43590.874999998399	43590.885416665064	43590.895833331728	43590.906249998392	43590.916666665056	43590.92708333172	43590.937499998385	43590.947916665049	43590.958333331713	43590.968749998377	43590.979166665042	43590.989583331706	43590.99999999837	43591.010416665034	43591.020833331699	43591.031249998363	43591.041666665027	43591.052083331691	43591.062499998356	43591.07291666502	43591.083333331684	43591.093749998348	43591.104166665013	43591.114583331677	43591.124999998341	43591.135416665005	4359	1.14583333167	43591.156249998334	43591.166666664998	43591.177083331662	43591.187499998327	43591.197916664991	43591.208333331655	43591.218749998319	43591.229166664983	43591.239583331648	43591.249999998312	43591.260416664976	43591.27083333164	43591.281249998305	43591.291666664969	43591.302083331633	43591.312499998297	43591.322916664962	43591.333333331626	43591.34374999829	43591.354166664954	43591.364583331619	43591.374999998283	43591.385416664947	43591.395833331611	43591.406249998276	43591.41666666494	43591.427083331604	43591.437499998268	43591.447916664933	43591.458333331597	43591.468749998261	43591.479166664925	43591.48958333159	43591.499999998254	43591.510416664918	43591.520833331582	43591.531249998246	43591.541666664911	43591.552083331575	43591.562499998239	43591.572916664903	43591.583333331568	43591.593749998232	43591.604166664896	43591.61458333156	43591.624999998225	43591.635416664889	43591.645833331553	43591.656249998217	43591.666666664882	43591.677083331546	43591.68749999821	43591.697916664874	43591.708333331539	43591.718749998203	43591.729166664867	43591.739583331531	43591.749999998196	43591.76041666486	43591.770833331524	43591.781249998188	43591.791666664853	43591.802083331517	43591.812499998181	43591.822916664845	43591.833333331509	43591.843749998174	43591.854166664838	43591.864583331502	43591.874999998166	43591.885416664831	43591.895833331495	43591.906249998159	43591.916666664823	43591.927083331488	43591.937499998152	43591.947916664816	43591.95833333148	43591.968749998145	43591.979166664809	43591.989583331473	43591.999999998137	43592.010416664802	43592.020833331466	43592.03124999813	43592.041666664794	43592.052083331459	43592.062499998123	43592.072916664787	43592.083333331451	43592.093749998116	43592.10416666478	43592.114583331444	43592.124999998108	43592.135416664772	43592.145833331437	43592.156249998101	43592.166666664765	43592.177083331429	43592.187499998094	43592.197916664758	43592.208333331422	43592.218749998086	43592.229166664751	43592.239583331415	43592.249999998079	43592.260416664743	43592.270833331408	43592.281249998072	43592.291666664736	43592.3020833314	43592.312499998065	43592.322916664729	43592.333333331393	43592.343749998057	43592.354166664722	43592.364583331386	43592.37499999805	43592.385416664714	43592.395833331379	43592.406249998043	43592.416666664707	43592.427083331371	43592.437499998035	43592.4479166647	43592.458333331364	43592.468749998028	43592.479166664692	43592.489583331357	43592.499999998021	43592.510416664685	43592.520833331349	43592.531249998014	43592.541666664678	43592.552083331342	43592.562499998006	43592.572916664671	43592.583333331335	43592.593749997999	43592.604166664663	43592.614583331328	43592.624999997992	43592.635416664656	43592.64583333132	43592.656249997985	43592.666666664649	43592.677083331313	43592.687499997977	43592.697916664642	43592.708333331306	43592.71874999797	43592.729166664634	43592.739583331298	43592.749999997963	43592.760416664627	43592.770833331291	43592.781249997955	43592.79166666462	43592.802083331284	43592.812499997948	43592.822916664612	43592.833333331277	43592.843749997941	43592.854166664605	43592.864583331269	43592.874999997934	43592.885416664598	43592.895833331262	43592.906249997926	43592.916666664591	43592.927083331255	43592.937499997919	43592.947916664583	43592.958333331248	43592.968749997912	43592.979166664576	43592.98958333124	43592.999999997905	43593.010416664569	43593.020833331233	43593.031249997897	43593.041666664561	43593.052083331226	43593.06249999789	43593.072916664554	43593.083333331218	43593.093749997883	43593.104166664547	43593.114583331211	43593.124999997875	43593.13541666454	43593.145833331204	43593.156249997868	43593.166666664532	43593.177083331197	43593.187499997861	43593.1979166645	25	43593.208333331189	43593.218749997854	43593.229166664518	43593.239583331182	43593.249999997846	43593.260416664511	43593.270833331175	43593.281249997839	43593.291666664503	43593.302083331168	43593.312499997832	43593.322916664496	43593.33333333116	43593.343749997824	43593.354166664489	43593.364583331153	43593.374999997817	43593.385416664481	43593.395833331146	43593.40624999781	43593.416666664474	43593.427083331138	43593.437499997803	43593.447916664467	43593.458333331131	43593.468749997795	43593.47916666446	43593.489583331124	43593.499999997788	43593.510416664452	43593.520833331117	43593.531249997781	43593.541666664445	43593.552083331109	43593.562499997774	43593.572916664438	43593.583333331102	43593.593749997766	43593.604166664431	43593.614583331095	7.5180160715097086	7.5173205694534007	7.5189181462454373	7.4832777186572557	7.0424225835150995	8.9505636147375292	9.4434961351338487	9.3745185887601359	9.3547577181870825	9.1781707332310365	7.6905177196563095	6.8266548923017885	6.8205472251175463	6.8206251029848302	6.8193926957568287	6.840419292264877	6.8508441086338001	6.8450472707443435	6.8409540073650401	6.836625574530359	6.8374997300205065	6.8370741988658361	6.8337449144673634	6.8388948424291796	6.8451493742135519	6.8473004942441325	6.8456219228722892	6.8437755289617579	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	7.4949461083499527	0	7.9500969109386448	7.472079369822108	7.3907123987366177	7.3820438993053905	7.3861621446998136	7.5424434510160481	7.6615149467555765	7.3890323831107443	7.3788543840957006	7.3833584960256573	7.3457843087038439	7.2282062181586157	7.6931254541858856	7.7090339948379452	7.7149462937307698	7.6732674632636799	7.5690672297859045	7.6939751752761936	7.8323018454808011	7.9544320574206058	0	7.7422931542156217	7.7220045460194475	7.730369625394105	7.7137436536016626	7.7266177544923131	7.722576608510975	7.7273149285082239	7.7366683537112797	7.7290471602279709	7.7293987210132054	7.7323787377629021	7.7323880724030234	7.7363311820693887	7.7383894886837172	0	0	0	0	7.8077993222603927	0	0	7.5941248408883366	7.7744961000062345	7.7419468515093532	7.7404188137279846	7.7363018076329375	7.7421326826716026	7.7427325674953842	7.7402806335458685	7.7443643823958315	7.7387667720219504	7.7436687098517885	7.7361240195251453	7.7390265219866352	7.7356174004390272	7.7412236883044674	7.7444630233127887	7.7334274899361581	7.7148673563385017	7.7393879536236678	7.7351339193634239	7.7363127867225945	7.7373241513482753	7.7376750653367434	7.74185079146869	7.7361464441461534	7.7394414773921376	7.739313552664199	7.7386435620670797	7.7399315928417733	7.7383609471347317	7.7288716182352175	7.7354176035113227	7.7417548122197788	7.7393146541225635	7.738481419467921	7.7311069877250231	7.7432296587763876	7.7389248431805573	7.7358806117441405	7.7334618629436189	7.7371868935426713	7.739700054702463	7.7370297187919341	7.7429689947469429	7.73471680535574	7.7680934039463461	7.7353750117430291	7.7341710174527405	7.7371040870757088	7.7376552301244912	7.7343673344017709	7.7353136033745118	7.7414603624190743	7.7343988815261824	7.7299152796977557	0	0	0	9.089373848945824	7.6117035201187777	7.7278941363067926	0	0	0	0	0	7.7168974449821812	7.7660324911868486	8.2457588854959116	7.8903988572285089	7.4678699343139554	7.3339321924339735	7.5841880757743025	7.8817280700122883	7.4165491617948627	7.4085389003871143	7.7481818880756661	0	0	0	0	7.7470755266466629	7.7296484184477334	7.7358383981749137	7.7367857157365867	7.7404032791604891	7.7392891117374258	7.7327303331193846	7.7364792047934294	7.7436917926980264	7.7493701895163554	7.740460796137719	7.737842436823728	7.7432859942758583	7.741642013239499	7.7424072930319339	7.7412108899305947	7.7414131685756464	7.7411816447256871	7.7422917210697575	7.7432593133277505	7.7451479229166722	7.7409318773581388	7.7427020548179257	7.7364244575631052	7.7435574743788989	7.7439448972499063	7.7345848847656473	7.728313571843767	7.7410815377280295	7.7365298140511536	7.7368270516686932	7.7647857751171276	7.7366582012825207	7.7327174289850182	7.7376890997722674	7.7323504729825112	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	7.7553445402481271	7.8382000108585776	7.9692721714644588	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	7.6301514603726979	7.6440023467269711	7.6521256996685478	7.6619995248392012	7.6708204207390018	7.6822308854418262	7.6862694879757534	7.6636997637685464	7.643333949888933	7.641466627198481	7.6398415865616842	7.6400504731909553	7.6441895842201433	7.639140200115663	7.6368118894900343	7.6383099555969238	7.6413660225742381	7.6430155846982695	7.6370200449849595	7.6355358465257765	7.6412601695500237	7.6409442447797753	7.6373722146612311	7.635154441827976	7.6381098344106269	7.6408082162695932	7.635926872814097	7.6336451266062841	7.6367806356936709	7.6361096478659531	7.6349339970194734	7.6293821286432584	7.6322382787561844	7.637241877076085	7.6356845632548378	7.6290806887846649	7.6304931546981081	7.6332249244573944	7.6343550592205878	7.6283983630578165	7.6275542306199053	7.6309257191899178	7.6343455320916416	7.6276164982668133	7.6275090300482855	7.6317321499911932	7.6325788320177299	7.6293110502361223	7.624895642765452	7.6296248552397881	7.6324686706150606	7.6295284244913333	7.6268373598269505	7.6279129441574618	7.6294738281497922	7.6301730606379268	7.6240265152701019	7.6240997685371834	7.6318198407512021	7.6297517463182114	7.624412498678951	7.6275184984024529	7.6300607021032372	7.6317534929420079	7.6284048748944491	7.6305221635689069	7.6316611289258933	7.6289018965493511	7.6281088591315687	7.6315463029808974	7.633711248670501	7.6328209057338201	7.6344026008253838	0	0	7.6348670730762924	7.6274062031582082	7.6516378264605756	0	0	0	0	0	0	0	7.6119899734582717	7.6408321483928985	7.6581236354824105	7.6623456395797014	7.6639399528503418	7.66353019185983	7.6666095103013232	7.6652934071990257	7.665526488863188	7.665994272865098	7.6698164016097952	7.6647323842383832	7.6655698265200671	7.6721263906323314	7.6740849585980273	7.6737376300677616	7.6747735121915968	7.6731097021608123	7.6756514212506772	7.6721793953130177	7.6694281216828042	7.6728052570447725	7.6732762993073713	7.6744860866325588	7.6739945003730563	7.6713723897933956	7.6692800521850586	7.6698428129740188	7.6691025036256857	7.668292877308124	7.668451979865301	7.6666328195997586	7.6680950294431121	7.6687066796081211	7.6666979732205487	7.6643661908116831	7.666128611629	734	7.6673097021723491	7.6657611720391108	7.662493762936311	7.6641380537843462	7.6647504745708144	7.6602396940816311	7.6634655925512032	7.6618536075783377	7.6618510418164503	7.6620447927920372	7.6608400565663111	7.6615558325541233	7.6608734305261947	7.6591173257351741	7.6599575932820638	7.6614687055328865	7.659896430772605	7.6577549374178515	7.6585614668919701	7.6585769405964976	7.6588176879611112	7.6574378562233907	7.6546677438157733	7.6563797743787472	7.6606826451303771	7.6595111050262634	7.6591827874060332	7.6595645319141195	7.6573008071088244	7.6565205993045229	7.6584762488388574	7.656227601339971	7.6574703739776657	7.6558732142571744	0	0	7.6554041905560464	7.6548830285252967	7.6582315565275429	7.6548094785220515	7.6577608345973101	7.657165208691695	7.6586269136084999	7.6593491034781334	7.6628556076665779	7.662689122918227	7.6610858073592194	7.6621528522242706	7.6640269460619095	7.6617125762963489	7.6712613822841877	7.671438828673292	7.6656783969385067	7.6712440361057839	0	0	7.6852968375320136	7.6440474332032231	0	0	0	0	0	0	7.6649464153032589	7.6761696472902212	7.6740473480400899	7.6741403355902369	7.682493146150442	7.6819288112783122	7.6790372792419115	7.6745530091584007	7.6817350067150967	7.6805362406981068	7.6793629505757872	7.6766921088699629	7.6782644093798478	7.6820463687783844	7.6781596281656839	7.6769967477253971	7.6781985381318449	7.6831387200011463	7.6850240653850719	7.6775275105972653	7.6786480256863232	7.6815105912946677	7.6808585533184246	7.6765986885975082	7.6752660596873694	7.6773097437039821	7.6788306822195089	7.6755301358555048	7.6727370216892892	7.6758292494606728	7.6761735823359611	7.6706629970671454	7.6689269574483232	7.6741880957804458	7.6750911337141536	7.6714437162168583	7.6666384983705589	7.6683594993664501	7.6714681992555445	7.6695728635787965	7.6652948676671242	7.6670779471348149	7.6688280193134073	7.6692516638100416	7.6695803142493215	7.6691476719582372	7.6648012418941356	7.6623419435622111	7.6635474717573002	7.6673793029576727	7.6647723674774166	7.6604637290367616	7.6668955628186612	7.6673833108242126	7.6665192941081761	7.6629097767258108	7.6635133737220729	7.6663499402794351	7.6668315577291812	7.6548363464308311	7.6651638626847225	7.6651087514709895	7.6639399528503418	7.6634438149813571	7.6620243787086251	7.6628853861490889	7.663465832245655	7.6619650952108946	7.6634378980528268	7.6597875068288461	7.6623954595804236	7.6635345564843433	7.6640160038321987	7.6652251892920082	7.6626510665172161	7.6631383505367561	7.6664550327866863	7.662661555366002	7.6619108447367665	7.6660188702311283	0	7.6359934888321028	7.6466888920358969	7.6563333778198963	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	8.0759369307142741	7.7287466775177709	7.6876316528267949	7.694462712883098	7.6969714913750131	7.7004440669540353	7.6899681568584786	7.6869881241990354	7.6848947594539316	7.6848641232313257	7.6805371689017869	7.6818769745490227	7.681195102908676	7.6798330994615327	7.6789782193888705	7.6793771009419105	7.6760786432424926	7.6755977130142004	7.6747717135247111	7.6772034986499262	7.6759313446151038	7.6772306731234483	7.6737729735710944	7.6771847293454565	7.6794780147853174	7.6761732011471153	7.6730672974079246	7.6714205014842021	7.6913425041519696	7.7100584730150894	7.6843160765262803	7.6828100521960607	7.6624314944937888	7.4226013038037371	7.5693724042911361	7.659500145095274	7.6655660461268029	7.6663778959702871	7.6693250680544285	7.6724427842355221	7.6720037101851206	7.6718375698538006	7.671935786036463	7.6703571396508705	7.6746559262669276	7.6738477794029425	7.6748481082751177	7.6732114850384603	7.6731285746518552	7.6716220740427685	7.6732299050309818	7.6750857838191084	7.6591589126528756	7.6693815910193601	7.6752626971137019	7.671454091750542	0	7.6688140478242621	7.6721127213344813	0	0	0	0	0	0	0	0	0	0	0	0	7.6676998600456621	7.6696156684968733	7.6734434696263492	7.6757044410705566	7.6783795192752793	7.6803219089334922	7.679949326084035	7.6805993590092294	7.6823758840551797	7.6785330084366716	7.679527768864209	7.6783777361180912	7.6788936740728646	7.6834358264620972	7.6812743116246294	7.680704332932752	7.6814536771195314	7.6812996473891353	7.6805692851187164	7.6820677414278906	7.684654307642294	7.6823689289545527	7.6838939373149078	7.6820200775661638	7.6813115875048519	7.6821000183518464	7.6825062858934547	7.6805702291052027	7.6797366150704764	7.6790338223923138	7.6789205664496327	7.6778718594151494	7.6778302192687988	7.678947430525449	7.6786864320027455	7.6792052960313884	7.6775637350928161	7.6776134865126409	7.6783986595484306	7.6803218991253157	7.7095210456338918	7.7145665742645804	7.6884148673894703	7.6815635177387271	7.6816307926177982	7.6812279416995466	7.6656063854154057	7.6603418346383103	7.6634350409322112	7.6538004590090525	7.6626880909664372	7.6721419419283663	7.6687023086054396	7.6634780582159898	7.6625767335245172	7.6694349298189852	7.674642283279872	7.6703699208573655	7.6727192410511371	7.6721106536505026	7.6676888799014158	7.6631006527817975	7.6698661568412971	7.6700424823349547	7.6707951101522518	7.6681874438358406	7.6700698453229332	7.6651185422639259	7.6665242002192757	7.6696569930834242	7.6633349213437212	7.6295033660893932	7.6433795929961432	7.6637656634701692	7.6631252812082957	7.663301679807148	7.660487117253501	7.6607621691071293	7.6611542947850806	7.6627593141440382	7.6669856811446131	7.6614502567004417	7.661861239304832	7.6628708631463711	7.6620762160419256	7.6628427577060219	7.6633771499297909	7.665423128111609	7.6658275643801463	7.6621490322925672	7.666712546886437	7.6648574895706814	7.6667077206082066	7.6671579651764166	7.6629561533847728	7.6643079625824937	7.6679806877347234	7.6691385996694601	7.6652509812011136	0	7.6582066320117601	7.6691623905487969	7.6683589869161235	7.6693246485059596	7.670922818140351	7.6743589267528094	7.670052975519396	7.6654763005017212	7.6729802370809308	7.6709639068135012	7.6729126726346895	7.6724935558457297	7.6764383025240379	7.6769198572472348	7.6748571810657031	7.6771839224831062	7.6772776954578905	7.6758220054756778	7.675043206490975	7.6756850243910595	7.6768958259666213	0	7.66339658464375	7.6792890580674449	0	0	0	0	7.6768355105769759	7.6803991372757467	7.6745192722554476	7.671914050236925	7.6760705351802176	7.6763828159644172	7.6746076169843969	7.6695632306228605	7.6712631607055668	7.6735301314514244	7.6708472135496031	7.660674249134523	7.6628148867201826	7.6701588935404734	7.6720735952807164	7.6632191465885544	7.6642780669735346	7.6668912364594188	7.6647911712311316	7.6627924193421455	7.662104016082365	7.6643910724578905	7.6633307752938356	7.6632080018786315	7.661717399451355	0	0	0	7.6450272231711782	7.6517903501582607	7.6547860628506834	7.6551740171041054	7.6573962575538479	7.6565537758654703	7.6600856151384606	7.6565422396032448	7.6555628756379157	7.6571324495850668	7.6576164222249421	7.653010401055	7229	7.6526144002921175	7.6541907887088927	7.6555014493730331	7.6545348306811007	7.6551202931810129	7.645507123339204	7.6470426628059469	7.6521295539550476	7.66056751156344	7.657525622194961	7.6607988604409201	7.6534966020076496	7.6462469947800722	7.6503711657922011	7.6471120766305791	7.6578743586293845	7.6612072095345827	7.6566061181107337	7.6558267705972192	7.6605218379902382	7.6618649110066368	7.6614838924660997	7.6611163148187797	7.6625963732644617	7.6628020808945765	7.6624615083720578	7.6644730585688112	7.665210902892599	7.6673708247620418	7.6656349684719167	7.6668880969513964	7.6684275395067845	7.669744183074922	7.667819135237445	7.666886911492691	7.6686280148418779	7.6692273867881111	7.6677960463529198	7.6663336143675442	7.671557887040855	7.6726537966087029	7.6695129791909977	7.6698335540621603	7.6760929708382513	7.6733804263762266	7.6691151509263582	7.6742138319099595	7.6758202063704699	7.6749474320078503	7.6697547548224145	7.6756953407617505	7.6769545820788965	7.6775156013744397	7.6761556377606111	7.6759181350392147	7.6783051063090717	0	7.630526199593457	7.6763363810829048	0	7.6708145384368658	7.6705144056497536	7.6708144030567587	7.6682703213606676	7.6677434814657355	7.668338738592257	7.6679874885862773	7.668706124387989	7.6679493507115533	7.6678109026016017	7.6648934862987721	7.6616468169322482	7.6682482204674445	7.6679164543108307	7.6643432960553808	7.665273914337158	7.6664301484721511	7.6709839555380359	7.6610177565683779	7.6642506053419375	7.669124352974956	7.6670274267088745	7.6526670796243401	7.6589631621830465	7.6643308236426915	7.6627215035883189	7.6629827159905579	7.6630440521240235	7.6610860680711683	7.6621856817105787	7.663597194365896	7.6595466580061018	7.6612454254096978	7.6638635453524673	7.6607516433304923	7.6543432097615387	7.6606543528522915	7.6621785049670281	7.6651280486489251	7.6629617942940627	7.6592357640453361	7.6625034728506849	7.6659645635009275	7.6598807744286974	7.659544379619744	7.6611074974026714	7.6677366252547303	7.6635695675780635	7.6599182810484514	7.6608192624276947	7.6634703479446156	7.6652779472649692	7.6659544328208922	7.6641375715627609	7.66431262149597	7.6680636385567169	7.6682100296020508	7.6666659355122606	7.6681134720861843	7.6678900157927892	7.6670170974677525	7.6642112979936856	7.664410355240606	Date





SWIFT DO, mg/L


SWIFT pH


SWIFTRC – Report on Arsenic in MW-SAT  April 15, 2019 


Page 3 of 11







HRSD folder link

		From

		Branby, Jill

		To

		Nelson, Mark

		Recipients

		Nelson.Mark@epa.gov



G:\3WP22\Underground Injection Control\UIC Permits\Hampton Roads SD VAS5B181027365


 


Jill Branby


US EPA &#8211; Source Water &amp; UIC Section


1650 Arch Street


Philadelphia PA 19103


[215] 814-5466


 





HRSD link take 2

		From

		Branby, Jill

		To

		Nelson, Mark

		Recipients

		Nelson.Mark@epa.gov



Hampton Roads SD


 


Jill Branby


US EPA – Source Water & UIC Section


1650 Arch Street


Philadelphia PA 19103


[215] 814-5466


 






HRSD SWIFT - Tracer Study Proposal

		From

		Mitchell, Jamie

		To

		Nelson, Mark; Branby, Jill; Marcia Degen; Gregory, Lance (VDH; Mark Perry; Roadcap Dwayne ulk16713; Andrew.Hammond@deq.virginia.gov; 'Kudlas, Scott'; Tony.Singh@vdh.virginia.gov

		Cc

		Rice, Leila; Schafran, Gary; Bott, Charles; Henifin, Ted; Mark Widdowson; Bullard, Meredith

		Recipients

		Nelson.Mark@epa.gov; Branby.Jill@epa.gov; Marcia.Degen@vdh.virginia.gov; lance.gregory@vdh.virginia.gov; mark.perry@vdh.virginia.gov; dwayne.roadcap@vdh.virginia.gov; Andrew.Hammond@deq.virginia.gov; scott.kudlas@deq.virginia.gov; Tony.Singh@vdh.virginia.gov; LRice@hrsd.com; Gschafra@odu.edu; CBOTT@hrsd.com; ehenifin@hrsd.com; mwiddows@vt.edu; MBullard@hrsd.com





All,



One of the key areas of research for the SWIFT Research Center is to gain a better understanding of travel time for recharge water within the Potomac Aquifer System.  While we are gaining considerable knowledge in that area through our
 data collection at the 50 ft well, MW-SAT, we would like to further refine that analysis through the use of bromide as an inert tracer.  We feel that this refinement is a valuable add-on to the existing information given the frequent starts and stops associated
 with recharge last summer as we were fine-tuning the operations of the advanced water treatment process.  We have attached a summary of the proposed work and are interested in your feedback, particularly if you have any concerns regarding this work. 




 



Tracer selection was carefully considered to ensure both its value as an effective tracer and its suitability for use in a potable aquifer.  As you’ll find detailed in the proposal, we are proposing a conservative target bromide concentration
 in the recharge water, one which will provide a high enough signal to be readily observable but not so high as to cause concern with potable water supplies as the flow travels off-site.  The bromide concentration in the recharge water as it migrates through
 the aquifer is expected to be well below native groundwater concentrations at a distance of approximately 0.5 miles from the recharge well.  




 



The work is being performed by Mark Widdowson, Co-Executive Director of the Potomac Aquifer Recharge Monitoring Laboratory, and his student, Meredith Bullard.  Managed aquifer recharge and associated groundwater flow and solute transport
 have been the primary focus of Meredith’s graduate research and she has recently published a manuscript based on the preliminary data collected from MW-SAT.  I’ve attached a pdf of the submitted manuscript. 




 



We plan to initiate this work in August contingent upon working through logistical issues with tracer procurement.  If possible, please let us know by August 1 if you have any concerns or questions so that we’ll have the opportunity to
 address those as we move forward.  



 



We appreciate your continued support of the SWIFT program.  If you have any questions on the materials provided or need more information, please let me know.



 



Respectfully,



Jamie



 



Jamie S. Heisig-Mitchell



HRSD Chief of Technical Services



Office: 757.460.4220 | Mobile: 757.510.4153



1434 Air Rail Avenue | Virginia Beach, VA  23455



PO Box 5911 | Virginia Beach, VA  23471-0911



jmitchell@hrsd.com |
www.hrsd.com
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Bromide Tracer Test Executive Summary


Meredith Bullard and Mark Widdowson


Department of Civil & Environmental Engineering, Virginia Tech


July 9, 2019


The purpose of this executive summary is to outline a proposed plan for evaluating physical transport characteristics and behavior of the Potomac Aquifer System (PAS) at the SWIFT Research Center (RC). Background and research objectives are provided, and a research approach is outlined. Testing method, data analysis, and potential impacts to groundwater are discussed.


Background


[bookmark: _GoBack]In association with the SWIFT Research Center managed aquifer recharge (MAR) well TW-1, addressing the potential for adverse impacts to groundwater quality issues resulting from recharge of SWIFT Water requires a sound, science-based analysis of groundwater flow and solute transport in the vicinity of TW-1.  Given the complexity of the problem, this analysis extends beyond routine data collection and provides opportunities for an improved understanding of subsurface processes and optimization of MAR using multi-screen recharge wells.


Recharge at TW-1 is distributed through eleven distinct screens in the upper, middle, and lower PAS. The monitoring well network consists of FLUTe well MW-SAT (50 feet from TW-1) and three conventional monitoring wells 400-500 feet from TW-1 to monitor water quality impacts on a longer timescale. Each conventional monitoring well is screened in one interval of the PAS: MW-UPA (400 ft) monitors flow in the Upper Potomac, MW-MPA (450 ft) monitors flow in the Middle Potomac, and MW-LPA (500 ft) monitors flow in the Lower Potomac. 


Since May 2018, samples for conductivity and fluoride analysis have been collected at each screen in MW-SAT to characterize breakthrough of SWIFT Water from the MAR at a radial distance of 50 feet. Conductivity and fluoride were used as initial indicators of breakthrough due to differences in SWIFT Water and background concentrations in the PAS. Conductivity acted as a surrogate for chloride based on a relationship developed by HRSD personnel. For screen 1, which had conductivity similar to that of SWIFT Water, fluoride was also monitored to compare breakthrough characteristics. Using conductivity and fluoride data, observed breakthrough was compared to two solute transport models, which allowed us to estimate flow distribution to the 11 recharge screens and aquifer solute transport characteristics such as effective porosity and longitudinal dispersivity.


In summary, the travel time and flow distribution calculated using observations of conductivity breakthrough at MW-SAT appear reasonable but are preliminary in nature. Direct measurement of depth-dependent flow using a borehole flow meter installed in TW-1 will result in higher confidence in flow distribution to each distinct screen in the recharge well and improved confidence in estimation of breakthrough at greater travel distances from TW-1. These data provide the necessary basis for the design of a full-scale tracer test to quantify travel times from TW-1 to MW-SAT and the conventional monitoring wells. 






Purpose


The aim of non-reactive tracer experiments at TW-1 is to gain high confidence in depth-dependent travel times for physical advective-dispersive transport in the PAS. While the primary objective of the tracer test will be achieved based on monitoring at MW-SAT, a secondary objective is to determine travel times to the conventional wells, particularly at wells MW-UPA and MW-MPA. Well-controlled, short-term tracer tests will build on the completed and on-going SAT column experiments at HRSD.  


Approach


The test concept is illustrated here: Recharge of SWIFT Water at TW-1 will be on-going consistently prior to the start of the tracer test. With a target concentration of approximately 200 mg/L of bromide (non-reactive tracer), a concentrated tracer solution will be mixed into the SWIFT Water and recharged at TW-1 at a rate of approximately 680 gallons per minute (gpm) for 72 hours. Following the addition of bromide, recharge will continue using SWIFT Water with no bromide addition. 


A strong signature is required for breakthrough at MW-SAT as well as at MW-UPA and MW-MPA; however, to reduce any concern of high bromide levels going off-site, the target bromide concentration (200 mg/L) injected for 72 hours will achieved the desired primary objective while reducing potential concerns at the conventional monitoring wells. It was determined that a threshold of 1.13 mg/L at each well () is required to show a significant difference between the SWIFT Water background and tracer. The expected concentrations for MW-SAT range from 3.6 mg/L to 184 mg/L for a 72-hour injection. 


This threshold is also met in conventional wells MW-UPA and MW-MPA assuming that samples are fully mixed (i.e., drawing groundwater from all screens in each well). Estimated breakthrough concentration in the MPA (~3.75 mg/L) is acceptable even though it is lower than the existing concentration (4.7 mg/L) since average bromide concentrations for SWIFT Water are 0.47 mg/L on average (standard deviation: 0.22). The concentrations of bromide at the conventional wells and at screens in MW-SAT with lower expected concentrations are expected to be near that of SWIFT Water before experiencing bromide breakthrough, so screens with existing concentrations higher than SWIFT Water are viable. Continued observation of conductivity breakthrough from original recharge at the conventional wells will provide further clarification on the sample location in each of the conventional wells. 


The furthest monitoring well, MW-LPA, will be monitored but was not a contributing factor in the experimental design for three reasons: (1) travel time estimations indicate travel time longer than the scope of the experiment (> 15 years), (2) most municipal users do not have wells screened in the lower Potomac so the importance of understanding travel time relative to potable users is lower, and (3) the bromide concentrations that would need to be injected in order to reach the LPA in any significant concentration are so high that it makes the project expensive and infeasible. 


Expected Results


Based on sampling at MW-SAT and the conventional wells, bromide concentrations will be analyzed. A simple analytical model for radial transport will be revised to consider back diffusion. Aquifer parameters and flow distribution will be compared to the preliminary analysis. A numerical model for the local site will be constructed and calibrated to simulate radial groundwater flow and solute transport in the high and low permeability layers in the PAS.  The model will be used as a tool to interpret monitored data at MW-SAT. 


Potential Risk Investigation


Peak bromide concentrations will decrease with distance from TW-1. Figure 1 estimates that concentrations in the upper Potomac at a distance of 0.5-mile from the recharge well is below the native concentration in the UPA. A map showing the concentration and location of the front at multiple time intervals as a series of concentric rings is shown in Figure 2. Bromide concentration following a 3-day injection of 200 mg/L is calculated based on a “worst case” scenario, in which a large percentage of flow is delivered to the UPA resulting in the greatest rate of transport from TW-1. As a further test of potential impact, breakthrough curves were calculated at intervals from 50 feet to 10,000 feet using the estimated aquifer characteristics at TW-1 Screen 1. Figure 3 suggests that at a distance of 10,000 feet, bromide concentrations in Screen 1 will be below 0.1 mg/L and would not have any significant impact on the aquifer. Even in a “worst case” scenario, there are minimal impacts over space and time to the PAS, and the completion of a tracer test at this scale is not a cause of concern to water quality. 


[image: ]


Figure 1. Estimated Bromide Concentration and Travel Time 


for a Theoretical Monitoring Well 0.5-Miles from TW-1
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Figure 2. Rings of equal travel distance and time in the UPA centered around 


TW-1 showing the limited impact of bromide addition to SWIFT water at the recharge well.


Basemap: maps.waterdata.usgs.gov
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Figure 3. Estimated Maximum Bromide Concentration and 


Time to Breakthrough at Screen 1. 
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ABSTRACT 
 
The Sustainable Water Initiative for Tomorrow (SWIFT) program is an initiative to replenish the 
Potomac Aquifer System (PAS) using Managed Aquifer Recharge (MAR). The SWIFT Research 
Center is a 1 MGD advanced water treatment facility producing reuse water suitable for MAR. In 
order to characterize flow distribution through a multiscreen recharge well and solute travel time, we 
analyzed tracer breakthrough curves using solute transport models modified using the method of 
superposition. Distinct breakthrough was observed in the Upper and Middle Potomac Aquifers with 
travel time varying from approximately 2-37 days over a 50-ft radial distance. Approximately 73% of 
the recharge was delivered to 3 of the 11 well screens.  Recharge flow to the Lower Potomac Aquifer 
was negligible as indicated by relatively slow breakthrough. Breakthrough curves were affected by 
recharge stoppages during the initial evaluation period with some screening locations exhibiting abrupt 
changes in specific conductivity during stoppages. Results of the initial groundwater recharge efforts 
are presented, including implications for full-scale implementation of SWIFT. 
 
INTRODUCTION 
 



The Potomac Aquifer System (PAS) extends from New Jersey to South Carolina and is the 
primary source of groundwater in Eastern Virginia. Sustained groundwater withdrawals by municipal 
and industrial entities since 1970 has resulted in declining potentiometric surface in the region. Due 
to nature of interbedded confining units, natural recharge of the PAS is insufficient to balance use of 
groundwater from the PAS. Groundwater withdrawals in Eastern Virginia have resulted in aquifer 
compaction and land subsidence (Eggleston et al., 2013). Increased withdrawal rates also increase the 
potential for saltwater intrusion, which could contaminate drinking water wells near coastlines. 
Furthermore, in 2010, the USEPA finalized the Chesapeake Bay Total Maximum Daily Load (TMDL), 
a restoration plan which established numerical limitations for nutrients entering the Chesapeake Bay, 
one of Virginia’s prized landmarks. This TMDL includes accountability measures to ensure that the 
bay achieves the water quality standards intended to restore and protect aquatic life and habitat. As a 
result, reducing nutrient loads to the bay is also one of Hampton Roads Sanitation District’s (HRSD’s) 
top priorities.  
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The Sustainable Water Initiative for Tomorrow (SWIFT) project is an initiative of HRSD to 
address the aforementioned environmental challenges facing southeast Virginia. HRSD serves 1.7 
million people across the eighteen cities and counties of southeast Virginia through 16 wastewater 
treatment plants which have a combined capacity of approximately 250 million gallons per day 
(MGD). At full-scale, HRSD intends to produce approximately 100 MGD of SWIFT Water to 
replenish the PAS through a program of Managed Aquifer Recharge (MAR). In May 2018 HRSD 
implemented MAR at the SWIFT Research Center (SWIFTRC) located at the Nansemond Treatment 
Plant (NTP) in Suffolk, VA.  



The SWIFTRC operates an approximately 1 MGD advanced treatment facility to further treat 
secondary effluent from NTP to meet federal and state drinking water standards suitable for 
augmentation of a potable aquifer. The treatment train includes coagulation/flocculation/ 
sedimentation, ozonation, biological filtration, granular activated carbon, and ultraviolet disinfection. 
Following advanced treatment, this “SWIFT Water” is then used to recharge the PAS at a rate of up 
to 1 MGD. The implementation of MAR with a recharge well fully screened at multiple intervals of a 
deep aquifer system is a novel approach and requires us to characterize flow distribution into the PAS. 



Flow is distributed unevenly between 11 discrete screens in the Upper, Middle, and Lower 
Potomac Aquifer. Identifying breakthrough characteristics of recharge water at each screen level is a 
critical part of the implementation plan and design decision making process as the project progresses. 
Our objective was to analyze flow distribution through the multiscreen recharge well at the SWIFTRC 
and determine solute travel times. To determine breakthrough characteristics, groundwater samples 
were collected from each discrete screen at an adjacent monitoring well and evaluated for conservative 
tracer transport. The observed concentrations of tracer were compared to two computational 
breakthrough models, where parameters were adjusted to fit the observed breakthrough. Using the 
adjusted parameters, breakthrough time for an ideal recharging situation was estimated.  



 
DATA COLLECTION AND ANALYSIS 
 
Monitoring System and Sample Collection 
 



Recharge flow is distributed through 11 screens in a 1410-ft deep 12-in-diameter carbon steel 
casing test injection well (TW-1) into the upper, middle, and lower zones of the PAS (Table 1). This 
injection well is screened at eleven different levels of the PAS (Figure 1). All aquifer layers are confined. 
A monitoring well (MW-SAT) located at a radial distance of 50 ft from TW-1 enables collection of 
discrete samples from each of the 11 screens levels using a Flexible Liner Underground Technology 
(FLUTe) sampling system. Three conventional monitoring wells located 400-500 feet away are also 
screened in the Upper Potomac Aquifer (UPA), Middle Potomac Aquifer (MPA), and Lower Potomac 
Aquifer (LPA) for recharge monitoring. 
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Table 1. Well Screen Depth and Length of Screen in TW-1 and MW-SAT. 



Aquifer Zone Starting Depth  
(fbg) 



Ending Depth  
(fbg) 



Length of 
Screen (ft) 



Upper Potomac Aquifer (UPA)    



 



Screen 1 505 530 25 
Screen 2 550 595 45 
Screen 3 665 680 15 
Screen 4 720 755 35 



Middle Potomac Aquifer (MPA)    



 



Screen 5 820 835 15 
Screen 6 860 890 30 
Screen 7 905 920 15 
Screen 8 965 990 25 
Screen 9 1050 1090 40 



Lower Potomac Aquifer (LPA)    



 
Screen 10 1230 1335 105 
Screen 11 1370 1400 30 



(fbg) – feet below grade 
 



 
Figure 1. Schematic of the recharge well (TW-1) showing the distribution of flow through 11 well 
screens in the Upper, Middle, and Lower Potomac Aquifer and position of monitoring well MW-SAT.  
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Samples were collected from the monitoring well MW-SAT using the existing FLUTe system, 
which allows discrete samples to be taken from each of the 11 sample screens. The FLUTe system is 
comprised of a flexible liner with screen lengths and depths identical to the recharge well screens. The 
FLUTe liner seals the borehole from flow except for through sample tubes in each interval; this 
prevents contamination by allowing samples to flow directly from the aquifer without being mixed 
within the well borehole. More information about the operation of the FLUTe system can be found 
at https://www.flut.com/water-flute. 



To take a sample, the sample tubes are flushed with nitrogen gas to remove standing water 
and allowed to refill for thirty minutes. Following a 30-minute wait period, gas pressure is applied 
through a pump tube at a pressure greater than the head of the formation. This pressure pushes water 
through the sampling tube and allows for the collection of water samples from each interval from a 
sample tube that runs to sampling taps in the SWIFT Research Center (Figure 2).  



 



 
Figure 2. Sampling taps for FLUTe screens 1-11. Taps 1-4 are screened in the Upper 



Potomac Aquifer, taps 5-9 are screened in the Middle Potomac Aquifer, and taps 10-11 are 
screened in the Lower Potomac Aquifer. Each tap is connected to the respective FLUTe 



sample tube. 
 
Tracer Selection 
 



During soil column testing performed by HRSD and Virginia Tech, we developed a strong, 
reproducible correlation between chloride concentrations and specific conductivity measurements in 
site groundwater (Figure 3). Triplicate samples were collected at each screen and were analyzed for 
both conductivity and chloride. On average, chloride accounted for 29% of conductivity within the 
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11 screens, although this varied within each screen and generally increased according to screen depth. 
A similar correlation has also been noted by other researchers (Hem, 1985). Because specific 
conductivity involves other ions that will react with constituents in the aquifer, it does not qualify as 
an acceptable tracer. Specific conductivity can, however, be used as a screening indicator of chloride 
concentrations based on the correlation between the two measurements. 



 



 
Figure 3. Correlation developed between specific conductivity and chloride concentrations 



in groundwater samples collected at MW-SAT. 
 
 Samples were collected and analyzed for specific conductivity approximately every four hours 
(~ six times per day) from the start of recharge (May 15, 2018) until December 2018. Because the 
specific conductivity of screen 1 was similar to the native groundwater conductivity, the samples from 
screen 1 were measured for both specific conductivity and fluoride. Specific conductivity (µS/cm) was 
measured using a portable parallel analyzer (PPA) with a conductivity probe (Hach SL1000). Fluoride 
was tested using the SPADNS method using AccuVac® Ampules (Hach Method 8029). Conductivity 
of the SWIFT Water was measured using an online probe upstream of the recharge well with data 
extracted from the plant SCADA system as 15-minute average values. The PPA and online 
conductivity probe were calibrated to ensure that there was no bias between measurements. All 
measurements were recorded in a spreadsheet (EXCEL), and data was analyzed therein.  
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Analysis of Breakthrough Curves  
 
 Initial breakthrough sampling of a comprehensive suite of analytes was triggered when the 
conductivity of the native groundwater went below a threshold of 90% of the background 
conductivity. For example, if the background conductivity was 10,000 µS/cm, initial breakthrough 
sampling would be triggered when the conductivity was consistently below 9,000 µS/cm. Using 10% 
ensured that initial breakthrough was caused by conductivity values below three times the standard 
deviation of the background concentration values. Total breakthrough was determined in a specific 
screen when the conductivity of the screen was consistently within 25% of the SWIFT Water 
conductivity. Because the conductivity of SWIFT Water was variable, this threshold was determined 
by calculating the moving average of conductivity for 72 hours. 
 A breakthrough curve was created using relative concentration vs. time. Relative concentration 
is calculated using observed concentration (𝐶 ), background concentration of the native 
groundwater in the screen (𝐶 ), and an average SWIFT Water (injection) concentration (𝐶 ):  
 
 



𝐶 =
𝐶 − 𝐶



𝐶 − 𝐶
 (1) 



 
The relative concentration at each well screen (𝐶 , ) was compared to a continuous flow 



model – an approximate solution of relative concentration based on the estimated flow to each screen 
at TW-1, the estimated porosity, vertical thickness of the screened interval, and the estimated 
longitudinal dispersivity at each screened interval at MW-SAT (Charbeneau, 2000).  



 
 



𝐶 , (𝑟, 𝑡) =
1



2
∗ erfc



⎣
⎢
⎢
⎡



𝑟 − 𝑅



4
3



𝛼 , 𝑅 ⎦
⎥
⎥
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(2) 



 
𝑅 (𝑡) =



𝑄 𝑡



𝜋𝑛 𝑏
 (3) 



 
where 𝑟 is the radial distance from the injection well (ft), 𝑡 is the time since the start of injection (days), 
𝑄  is the recharge flow rate to the individual well screen (ft3d-1), 𝛼 ,  is the longitudinal dispersivity (ft), 
𝑛  is the effective porosity, and 𝑏  is the screen thickness (ft).  With this approach, we assume that the 
flow rate specified at each well screen at the recharge well coincides with the rate of transport at each 
well screen in the monitoring well. 
 To refine the initial calibration using the continuous flow model (Equations 2 and 3), a more 
advanced incremental flow model was developed that calculated breakthrough incrementally based on 
measured flow into the aquifer. Use of the superposition method enabled us to account for stoppage 
time (if the plant went off-spec and water was not used for recharge) and for well backflush (in which 
water was pumped out of the well in order to ensure that well injectivity was maintained). Backflush 
was considered a negative flow (flow out of the well) and caused a decrease in the incremental volume 
calculation. Relative concentration was calculated in 15-minute intervals since the start of recharge 
using data for recharge flow in gallons per minute (gpm) from the SWIFTRC SCADA system. Total 
flow was imported from SCADA, and the flow distribution (%) was estimated for each well screen 
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based on the estimated flow distribution from the continuous flow model. At each time step, the flow 
to each screen was a fraction of the total flow into the recharge well (TW-1) at that time.  



An incremental volume, 𝑉∗, was calculated for each well screen is a function of the time and 
flow distribution:  
 
 𝑉 ∗(𝑡) = [𝑄 (t)Δ𝑡] + 𝑉 ∗(𝑡 − Δ𝑡) (4) 



 
where 𝑄 (𝑡) (ft3d-1) is the flow to the individual screen at a given time and Δ𝑡 (d) is the time interval 
between measured 𝑄  values. Then, an incremental R value, 𝑅∗, was calculated for each screen based 
on Equation (4): 
 



𝑅∗(𝑡) =
𝑉 ∗(𝑡)



𝜋𝑛 𝑏
  (5) 



 
This 𝑅∗ value is substituted into the Equation (2) with the incremental value replacing the original R 
value in Equation (3): 
 



𝐶 , (𝑟, 𝑡) =
1



2
erfc



⎣
⎢
⎢
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𝑟 − 𝑅∗(𝑡)
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⎥
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 (6) 



 
 The mean travel time at each well screen (𝑡 , ) was calculated for the incremental flow model 
using the following equation: 
  



𝑡 , =
𝜋𝑟 𝑛 𝑏



𝐴𝑄
  



 



(7) 



where 𝐴 = 192.5 and converts the flow from gpm to cubic feet per day (cfd). In this calculation, the 
value of 𝑄  (gpm) is the fraction of the full recharge flow (700 gpm) allocated to the specific screen. 
Other variables are previously defined. This calculation of travel time is an approximate calculation, 
which assumes that the recharge rate is a constant 700 gpm and does not account for any periods of 
short-term backflush (pumping) or stoppages at TW-1. 
 
RESULTS AND DISCUSSION 
 
 Recharge into the PAS started May 15, 2018 at approximately 200 gpm and was increased 
incrementally by 100 gpm over time until a recharge rate of 700 gpm (1 MGD) was reached June 20, 
2018. Backflushing occurred at rates between 1000-1200 gpm (1.4-1.7 MGD) every few days for 
approximately 15-45 minutes to maintain well injectivity. The recharge well was backflushed for a 
period of 18 days in August 2018 that removed approximately 21 million gallons of water from the 
aquifer following a period of high nitrite levels observed in the monitoring well, largely due to partial 
denitrification of SWIFT Water nitrate to nitrite in the PAS. Recharge was also stopped after 
November 21, 2018 in order to complete several warranty related repairs on the treatment equipment. 
Backflushing continued daily during the SWIFTRC shutdown for approximately 15-30 minutes per 
day. Recharge trends are displayed in Figure 4.  
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Figure 4. Recharge flow rate at recharge well TW-1 (gpm). Extended backflushing period is 



noted in August 2018. No recharge is observed from late November 2018 onward. 
 



 Model calibration was achieved by manually adjusting input parameters for porosity, flow rate, 
and longitudinal dispersivity to create breakthrough curves that best fit the observed data at each well 
screen (Table 2). For the initial calibration of input parameters using the continuous flow model, an 
estimated flow rate was used in Equation (3) to match conductivity measurements at MW-SAT. This 
estimated flow rate at each well screen was then calculated as a percent of the total recharge flow rate. 
Using these percentages as a starting point for the final calibration based on the incremental flow 
model, the estimated flow rates at each well screen were adjusted slightly to fit the observed data at 
MW-SAT. Consistent values of longitudinal dispersivity and porosity were employed for the two 
calibration steps and are only reported once in Table 2. The final calibration flow rates were used to 
calculate the travel time in each screen.  
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Table 2. Calibrated model input parameter values and travel time results. 



Screen 



Initial Calibration – 
Continuous Flow Model 



Final Calibration –  
Incremental Flow Model 



Qi  
(gpm) Flow (%) ni 



𝜶𝑳,𝒊 
(ft) 



Flow (%) Travel Time 
(days) 



1 30 18% 0.20 5 18% 1.6 
2 39 24% 0.25 10 24% 2.7 
3 11.5 7.0% 0.27 10 6.0% 3.9 
4 15 9.2% 0.35 20 9.0% 7.9 
5 6.6 4.0% 0.25 8 4.0% 5.5 
6 6.0 3.7% 0.30 20 3.5% 15 
7 2.3 1.4% 0.28 30 1.2% 20 
8 1.4 0.9% 0.32 10 0.8% 37 
9 47 29% 0.23 10 31% 1.7 
10 4.0 2.4% 0.25 10 2.0% 77 
11 0.90 0.5% 0.27 10 0.4% 120 



  
Average travel times in the UPA, MPA, and LPA were 4.1 days, 16 days, and 97 days, 



respectively. The lowest travel times were observed in screens 1 through 3 (UPA) and screen 9 (MPA), 
for an average travel time of 2.5 days. Effective porosity ranged from 0.20-0.35 with a mean value of 
0.27. No correlation was found between calibrated effective porosity and mean travel time at the well 
screens. Consistent with the continuous and incremental flow models, a strong negative correlation 
was found between final calibrated flow rates and mean travel time at the well screens. 



Estimations of flow rates using the incremental flow model was consistent with observed 
condition by accounting for periods when flow into the well is zero or negative (backflush conditions). 
At any point during the period represented in Figure 4, the exact total flow rate at TW-1 was 
incorporated into the calculations. Although the initial calibration flow and the final calibration flow 
are quite similar based on percent of flow to each screen, the initial calibration of breakthrough curves 
using the continuous flow model resulted in a total combined rate of flow of approximately 160 gpm 
or 80% of the starting recharge flow rate. This discrepancy reflects the relatively slow breakthrough 
of conductivity at screens 4, 6-8, and 10-11, in which 17% of the flow rate was distributed.  However, 
the distribution of flow rate to the well screens was consistent between the initial and final calibration, 
indicating the utility of the initial calibration in quantifying the magnitude of recharge flow into the 
aquifer at the maximum rate (700 gpm).  



Based on our analysis, a substantial percentage of the recharge flow into the PAS passed 
through screens 1, 2, and 9, comprising an estimated 60-73% of recharge flow distribution. The range 
in this result was dependent on the constituent (fluoride – 60% or specific conductivity – 73%) used 
to determine the flow rate at screen 1. The breakthrough curves for screen 1 based on conductivity 
and fluoride are compared in Figure 5. Based on analysis of the conductivity-based breakthrough curve 
and the stoppage method, 57% of the total recharge flow was delivered to the UPA through the 
uppermost four well screens. Screens 1 through 4 comprise 120 ft of 380 ft of total well screen at TW-
1 (only 32% of the total screened intervals).  The MPA and the LPA received 40% and less than 3% 
of the total recharge flow, respectfully.  Approximately 72% of recharge to the MPA and LPA 
combined was delivered to the deepest well screen in the MPA (Screen 9), comprising 31% of the 
total recharge flow. 
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Figure 5. Comparison of fit between screen 1 breakthrough curves from fluoride relative 



concentrations (upper) and relative conductivity data (lower). 
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The model fit for the fluoride breakthrough curve was more sensitive to stoppages and 
backflush periods than the fit for conductivity, although the model results for conductivity yielded 
more accurate final calibration flow estimate sum totals than the estimated flow based on fluoride 
(100% vs. 87%, respectively). Because the difference between fluoride levels in screen 1 native 
groundwater and SWIFT Water were more statistically significant than the difference in conductivity, 
fluoride is potentially a more accurate tracer to reflect the arrival of SWIFT Water in screen 1. 
 In some screens, the stoppage breakthrough model produced a more accurate representation 
of the observed data compared to the continuous flow model. The impact of flow stoppages on the 
breakthrough curve and improved model fit is notably observed in screens 4, 6, and 7. As shown in 
Figure 6, incremental flow model (final calibration) shows a better overall fit to the complete period 
of observed data at screen 7 compared to the continuous flow model (initial calibration) including the 
period of decreased relative concentration due to backflush. 
 



 
Figure 6. Screen 7 shows the improvement between the initial and stoppage breakthrough 



curves at predicting relative concentration based on incremental flow. 
 



  While the incremental flow model produced more accurate results on some well screens, the 
model failed to capture major downward spikes in the relative conductivity at other screens. This is 
most noticeable in screens 2, 3, 5, and 9. These observed drops reflect an increase in conductivity (Eq. 
1) and may be due to the effects of back diffusion, where native groundwater (with high conductivity) 
remains in low permeability media around the more permeable aquifer materials. It is most often 
evident during periods of low to no flow when diffusion, not advection, is the primary transport 
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mechanism. The increase in groundwater conductivity was particularly apparent during times of 
extended backflush at well screens (Figure 7).   



 



 
Figure 7. While the stoppage breakthrough curve is more accurate than the initial 



breakthrough curve for screen 5, it fails to explain the major spike that occurred between 
days 80-100. This period was during the 18-day backflush. 



 
 Flow in the LPA (screens 10-11) and in screen 8 was approximately 1% of the total recharge 
flow rate at TW-1.  Screen 11 received the least percentage of the total recharge flow (0.4%) compared 
to the other ten well screens. As shown in Figure 8, conductivity breakthrough at screen 11 was gradual 
and did not reach a level consistent with SWIFT water delivered through TW-1 (i.e., injection 
concentration, 𝐶 ), resulting in a maximum observed relative concentration less than 1.  The 18-day 
backflush starting at day 80 is not evident in the data.  Some unexplained upward spikes in 
conductivity, which correspond with decreases in conductivity measurements from the native 
groundwater, were observed at screen 11 starting at day 100 and continuing through the period of 
observation. 
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Figure 8. Breakthrough in the LPA has not yet occurred. 



 
CONCLUSION AND IMPLICATIONS 
 
 Use of the conventional breakthrough curve development method (continuous flow model) 
resulted in an approximate estimation of the distribution of flow in the multi-screen recharge well, but 
by not accounting for changes in recharge flow to the PAS during the MAR testing period, the match 
to the observed breakthrough curves was poor at some well screens. While the method was useful to 
estimate flow rate distribution and aquifer parameters (longitudinal dispersivity, and porosity), it was 
not suitable for predicting changes in tracer concentrations and travel times influenced by no flow or 
backflush flow conditions. The use of an incremental flow model developed using the method of 
superposition to simulate breakthrough curves produced improved calibration to observed tracer 
concentrations and more accurate travel times. This approach was helpful for explaining downward 
spikes in relative conductivity during recharge operations restringing from prolonged backflush 
operations. This incremental flow model also aided in identifying unexplained decreases in relative 
conductivity that were not explained by changes in the recharge flow rate but potentially by another 
mechanism, including back diffusion. 



Understanding the distribution of recharge flow at TW-1 will aid HRSD decision makers as 
they plan to scale up the SWIFT operation for full-scale implementation at up to five HRSD 
wastewater treatment facilities between now and 2030. The results of this study demonstrated that 
73% of the recharge was delivered to 3 of the 11 well screens and that 57% was delivered to the UPA.  
While this finding has significance in the planning for new recharge wells (for example, limiting wells 
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screens to the UPA and MPA), site specific conditions will govern well design. Future work on this 
topic will involve including effects of back diffusion into the computational model for breakthrough 
curves. This could be accomplished via the application of dual domain flow, where multiple porosities 
are used to simulate preferential pathways and pathways of low flow and storage.  
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All,



For your records, attached is a final version of the SWIFTRC first quarter report.  It was revised in response to VDH comments below.  The specific changes
 are noted in a revision log at the end of the report.  These comments were also considered in the development of the last quarterly report.



 



I wanted to also provide a preliminary update on the SWIFTRC.  We are still in the process of root cause analysis.  We did remove the carbon from the GAC tanks
 and the tanks looked great so the liner issue appears to be limited to the biofilters.  We pulled the well pump and it looks good.  We’re putting a camera down the well screen tomorrow to if there are any issues with the screens.  We’re inspecting the downhole
 flow control valve also while we have it out.  It looks like the earliest we could return to operating the AWT and recharge well would be the end of February/early March.



 



Please let me know if you have any questions.




 



Jamie



 



[bookmark: _MailEndCompose] 



From: Degen, Marcia [mailto:marcia.degen@vdh.virginia.gov]


Sent: Tuesday, October 09, 2018 4:36 PM

To: Mitchell, Jamie; Bott, Charles

Cc: Allen Knapp; Gregory James xke77237; Roadcap Dwayne ulk16713; Mark Perry; Creech Anthony qkk75836

Subject: VDH Comments - HRSD Quarterly Report May to August 2018



 




Jamie,




Thank you for meeting with us last Wednesday.  The clarifications that you and Charles provided were extremely helpful.  Below are our final comments on the report.






Sincerely,






Marcia






 






VDH Comments on HRSD SWIFT Quarterly Report May-August 2018







 1.      The changes instituted to address the rising TN in the SWIFT effluent should  be mentioned in this quarterly report and direct the reader to a more detailed description of the corrective
 actions elsewhere.











2.      HRSD has modified several of the CCPs that were approved in the EPA UIC document.  Any tables that include CCPs, such as Table 4-1 from the EPA Permit, should be updated to reflect the new CCP and EPA should
 be notified of the change.




3.      Verify the detection level for total PCBs.




4.      Verify the data for ethylene dibromide. The detection limit is 0.02, but the results were reported as <0.2. 





5.      VDH recommends modifying the reporting of beta particles and photon emitters to address the difference in the units for the MCL vs the reported units.




6.      VDH recommends modifying the reporting of the non-regulatory performance indicators to remove the column heading ‘MCL’ and add in a target value column.




7.      VDH recommends modifying the “500” mg/l MCL column of the TDS line item with “PAS average:” figure to verify compatibility with the aquifer.




8.      There were several operational issues identified and noted as under investigation.  VDH recommends that the next report provide additional detail as to the nature of the issues and the resolution.




 




As always, should you have any comments or concerns, please don't hesitate myself or Mark Perry.




 




Sincerely,




Marcia









Marcia J. Degen, Ph.D., P.E.




 




Environmental Technical Services Manager






c/o VDH - Environmental Health






Civic Mall 2nd Floor






1502 Williamson Road, SE.






Roanoke VA 24012






 






Cell:  804-387-1883






Fax:  540-857-7315
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HRSD SWIFT Research Center (SWIFTRC) Quarterly Report on SWIFT Water 
Quality Targets  



This report documents SWIFT Water Quality results for the first full quarter of recharge 
operations which includes the period from May 15, 2018 – August 31, 2018.  The 
compliance requirements are documented in HRSD’s SWIFT Underground Injection 
Control Inventory Information Package (UIC-IIP) submitted to EPA Region III in January 
2018.  These requirements are noted in the following tables (Tables 1-4), extracted from 
Attachment B of the UIC-IIP.  Figures 1 and 2 and Table 5 provide the data from the first 
full quarter of operations relative to these SWIFT Water Quality Targets. 



Parameter Proposed Regulatory Limit Non-Regulatory Action/Goal 
EPA Drinking Water Primary 
Maximum Contaminant Levels 
(MCLs) 



Meet all primary MCLs N/A 



Total Nitrogen 5 mg/L Monthly Average; 8 mg/L 
Max Daily 



Secondary Effluent Critical 
Control Point (CCP) Action Limit 
for Total Inorganic Nitrogen (TIN) 
= 5 mg/L-N; CCP Action Limit for 
SWIFT Water Total Nitrogen (TN) 
= 6 mg/L-N1  



Turbidity Individual Filter Effluent (IFE) < 
0.15 NTU 95% of time and never 
>0.3 NTU in two consecutive 15 
min measurements 



CCP Action Limit IFE of 
0.10 NTU to initiate 
backwash or place a filter 
in standby 



Total Organic Carbon (TOC) 4 mg/L Monthly Average 6 mg/L 
Maximum 



Critical Operating Point 
(COP) Action Limit to Initiate 
GAC Regeneration; See 
Table 8 COP for GAC TOC 



Total Coliform <2 CFU/100 mL 95% of time; Not 
to exceed geometric mean of 3 
CFU/100 mL, based on a running 
calculation of 20 days of daily 
samples for total coliforms 



N/A 



E.coli Non-detect N/A 
TDS N/A Monitor PAS Compatibility 
Table 1: SWIFT Regulatory and Monitoring Limits for SWIFT Water (Table 4-1 of the UIC-IIP). 



1 Total Inorganic Nitrogen (TIN) CCP for the secondary effluent as proposed in the UIC-IIP was 6 mg/L-N.  
Though compliant with the SWIFT Water regulatory targets, August 2018 Total Nitrogen concentrations in 
SWIFT Water trended upward (see Table 5).  As an additional measure of protection, the TIN CCP was 
adjusted to 5 mg/L and an additional CCP was added to the SWIFT Water for TN.  Further discussion on 
Total Nitrogen can be found in the SWIFTRC Quarterly Research Report issued October 11, 2018.  
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Figure 1: Percentile distribution of 15-minute average Individual Filter Effluent (IFE) Turbidities for 
Biofilters 1-4 (IFE1-4) and Combined Filter Effluent (CFE). 



Note turbidity in IFE3 was >0.3 NTU in August in three consecutive readings on August 21.  Recharge 
was not occurring at the time.  However, the Critical Control Point (CCP) which should have triggered a 
diversion of the filter effluent, and the filters should have gone into standby.  This did not happen, and it is 
being investigated.  The Granular Activated Carbon (GAC) feed pumps were not running and the GAC 
Feed Pump Station was cleared of the high turbidity water before recharge was restarted.  The current 
CCP action for IFE alarm level exceedances (>0.15 NTU) is to place that respective filter in standby, and 
the current CCP action for CFE alarm level exceedances (>0.15 NTU) is to divert SWIFT.  The actions for 
both of these CCPs will be modified such that IFE alarms cause that specific filter to move to filter-to-
waste mode, and a CFE alarm causes all biofilters to move to filter-to-waste mode. 



Turbidity in excess of 0.3 NTU has been recorded by the combined filter effluent turbidimeter on several 
occasions. However, during each time the IFE turbidity of all filters in operation was under 0.1 NTU. The 
operational team has been working on the reliability of the CFE turibidimeter, specifically sample delivery 
problems to this instrument. 



The current CCP action for IFE alarm level exceedances (>0.15 NTU) is to place that respective filter in 
standby, and the current CCP action for CFE alarm level exceedances (>0.15 NTU) is to divert SWIFT 
Water.  The actions for both of these CCPs will be modified such that IFE alarms cause that filter to move 
to filter-to-waste mode, and a CFE alarm causes all biofilters to move to filter-to-waste mode. 
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 MAY JUNE JULY AUGUST 



Parameter Units 



Maximum 
Contamin-
ant Level 
(MCL) or 



MCL Goal 
(MCLG) 
where 



numerical 
MCL not 



expressed.  
Values 



noted for 
indicator 



compounds 
are non-



regulatory 
screening 



values 



Minimum 
Report 
Level1 



Required 
Monitoring 
Frequency 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



Regulatory Parameters 



Total Nitrogen (TN) mg/L 
5 



monthly 
avg; 8 



max daily 



0.50 Daily 3.15 (16) 4.03 3.70 (29) 5.21 3.48 (30) 5.48 4.98 (13) 7.36 



NO3 mg/L 10 0.01 Daily 2.14 (16) 2.83 2.54 (28) 3.17 3.00 (30) 4.39 4.04 (13) 5.15 



NO2 mg/L 1 0.01 Daily 0.43 (16) 0.92 0.82 (28) 1.35 0.05 (30) 0.27 0.02 (13) 0.07 



Turbidity  NTU -  Continuous See Figure 1 



Total Organic Carbon 
(TOC) mg/L 



4 
monthly 
avg; 6 
max 



0.10 3x/Wk 0.26 (6) 0.32 0.37 (12) 0.56 0.84 (13) 1.26 1.50 (7) 1.68 



pH  6.5-8.5 Continuous See Figure 2 



TDS4 mg/L 



Potomac 
Aquifer 
System 
Range: 



694-
8,720 



2.5 Monthly 
 



671 
 



738 
 



719 
 



632 



Microorganisms 



Total Coliform5 MPN/100 
mL MCLG=0 1 Daily <1 (14) <1 <1 (26) <1 <1 (29) <1 <1 (12) <1 



E. coli MPN/100 
mL - 1 Weekly <1 (2) <1 <1 (2) <1 <1 (3) <1 <1 (4) <1 



Cryptosporidium oocysts/L TT, 
MCLG=0 0.095 Quarterly 



    



<0.095 (2) <0.095 



  
Giardia lamblia oocysts/L TT, 



MCLG=0 0.095 Quarterly <0.095 (2) <0.095 



Legionella MPN/100 
mL 



TT, 
MCLG=0 10 Quarterly 



 
<10 



Disinfection Byproducts 



Bromate µg/L 10 0.15 Monthly6 0.150 1.97 2.17 3.14 
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 MAY JUNE JULY AUGUST 



Parameter Units 



Maximum 
Contamin-
ant Level 
(MCL) or 



MCL Goal 
(MCLG) 
where 



numerical 
MCL not 



expressed.  
Values 



noted for 
indicator 



compounds 
are non-



regulatory 
screening 



values 



Minimum 
Report 
Level1 



Required 
Monitoring 
Frequency 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



Chlorite mg/L 1.0 0.100 Monthly <0.100 <0.300 <0.100 <0.100 



     Trihalomethanes 



Bromodichloromethane µg/L  1.00 Monthly 



 



<1.00 



 



<1.00 



 



<1.00 



 



<1.00 



Bromoform µg/L  1.00 Monthly <1.00 <1.00 <1.00 <1.00 



Chloroform µg/L  1.00 Monthly <1.00 <1.00 <1.00 <1.00 



Dibromochloromethane µg/L  1.00 Monthly <1.00 <1.00 <1.00 <1.00 



Total Trihalomethanes µg/L 80  



     HAAs 



Dichloroacetic acid µg/L 1 Monthly 



 



<1 



 



<1 



 



<0.2 



 



<1 



Trichloroacetic acid µg/L  1 Monthly <1 <1 <0.5 <1 



Monochloroacetic acid µg/L  2 Monthly <2 <2 <2 <2 



Bromoacetic acid µg/L  1 Monthly <1 <1 <0.3 <1 



Dibromoacetic acid µg/L  1 Monthly <1 <1 <0.3 <1 



Total Haloacetic Acids µg/L 60  



Disinfectants 
Monochloramine (as 
Cl2)7 mg/L 4  Continuous 0.521 



 
0.654 



 
0.304 



 
0.113 



 
Chlorine (as Cl2)7 mg/L 4 Continuous 0.523 0.636 0.449 0.202 



Inorganic Chemicals 



Antimony µg/L 6 2.00 Monthly 



 



<2.00 



 



0.21 



 



<1.00 



 



<2.00 



Arsenic µg/L 10 0.10 Monthly 0.98 0.41 0.40 <1.00 



Asbestos MFL 7 0.2 Monthly <0.18 <0.2 <0.2 <0.2 



Barium mg/L 2 0.005 Monthly 0.008 0.005 0.005 <0.005 



Beryllium µg/L 4 0.10 Monthly <0.10 <0.10 <0.10 <0.50 



Cadmium µg/L 5 0.10 Monthly <0.10 <0.10 <0.10 <0.50 



Chromium (total) µg/L 100 2.00 Monthly <2.00 <2.00 <2.00 <1.00 
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 MAY JUNE JULY AUGUST 



Parameter Units 



Maximum 
Contamin-
ant Level 
(MCL) or 



MCL Goal 
(MCLG) 
where 



numerical 
MCL not 



expressed.  
Values 



noted for 
indicator 



compounds 
are non-



regulatory 
screening 



values 



Minimum 
Report 
Level1 



Required 
Monitoring 
Frequency 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



Copper mg/L 1.3 0.005 Monthly <0.005 <0.005 <0.005 <0.005 



Cyanide (total) mg/L 0.2 0.010 Monthly <0.010 <0.010 <0.010 <0.010 



Fluoride mg/L 4.0 0.05 Monthly 0.88 0.70 1.01 (21) 1.15 0.90 (13) 1.04 



Lead µg/L 15 0.10 Monthly <0.10 <0.10 



 



<0.10 



 



<1.00 



Mercury µg/L 2 0.10 Monthly <0.10 <0.10 <0.10 <0.10 



Selenium µg/L 50 5.00 Monthly <5.00 <5.00 <5.00 <25.0 



Thallium µg/L 2 0.10 Monthly <0.10 <0.10 <0.10 <0.50 



Organic Chemicals 



Acrylamide µg/L TT, 
MCLG=0 0.1 Monthly 



 



Footnote 8 <0.1 <0.1 



 



<0.1 



 



<0.1 



Alachlor µg/L 2 0.05 Monthly <0.05 



 



<0.05 <0.05 <0.05 



Atrazine µg/L 3 0.05 Monthly <0.05 <0.05 <0.05 <0.05 



Benzo(a)pyrene (PAHs) µg/L 0.2 0.02 Monthly <0.02 <0.02 <0.02 
<0.02 
(LE) 



Di(2-ethylhexyl) adipate µg/L 400 0.6 Monthly <0.6 <0.6 <0.6 <0.6 
Di(2-ethylhexyl) 
phthalate µg/L 6 0.6 Monthly <0.6 <0.6 <0.6 <0.6 



Hexachlorocyclopentadi
ene µg/L 50 0.05 Monthly <0.05 <0.05 <0.05 <0.05 



Hexachlorobenzene µg/L 1 0.05 Monthly <0.05 <0.05 <0.05 <0.05 



Simazine µg/L 4 0.05 Monthly <0.05 <0.05 <0.05 <0.05 



Carbofuran µg/L 40 0.5 Monthly Footnote 8 <0.5 <0.5 <0.5 



Oxamyl (Vydate) µg/L 200 0.5 Monthly Footnote 8 <0.5 <0.5 <0.5 



Chlordane µg/L 2 0.1 Monthly <0.1 <0.1 <0.1 <0.1 



Endrin µg/L 2 0.01 Monthly <0.01 <0.01 <0.01 <0.01 



Heptachlor µg/L 0.4 0.01 Monthly 
 



<0.01 



 



<0.01 



 



<0.01 



 



<0.01 



Heptachlor Epoxide µg/L 0.2 0.01 Monthly <0.01 <0.01 <0.01 <0.01 
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 MAY JUNE JULY AUGUST 



Parameter Units 



Maximum 
Contamin-
ant Level 
(MCL) or 



MCL Goal 
(MCLG) 
where 



numerical 
MCL not 



expressed.  
Values 



noted for 
indicator 



compounds 
are non-



regulatory 
screening 



values 



Minimum 
Report 
Level1 



Required 
Monitoring 
Frequency 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



Lindane µg/L 0.2 0.01 Monthly <0.01 <0.01 <0.01 <0.01 



Methoxychlor µg/L 40 0.05 Monthly <0.05 <0.05 <0.05 <0.05 



Toxaphene µg/L 3 0.5 Monthly <0.5 <0.5 <0.5 <0.5 



PCB Arochlor 1016 µg/L  0.08 Monthly <0.08 <0.08 <0.08 <0.08 



PCB Arochlor 1221 µg/L  0.1 Monthly <0.1 <0.1 <0.1 <0.1 



PCB Arochlor 1232 µg/L  0.1 Monthly <0.1 <0.1 <0.1 <0.1 



PCB Arochlor 1242 µg/L  0.1 Monthly <0.1 <0.1 <0.1 <0.1 



PCB Arochlor 1248 µg/L  0.1 Monthly <0.1 <0.1 <0.1 <0.1 



PCB Arochlor 1254 µg/L  0.1 Monthly <0.1 <0.1 <0.1 <0.1 



PCB Arochlor 1260 µg/L  0.1 Monthly <0.1 <0.1 <0.1 <0.1 



Total Polychlorinated 
biphenyls (PCBs) µg/L 0.5       



2,4-D µg/L 70 0.1 Monthly Footnote 8 <0.1 <0.1 <0.1 



Dalapon µg/L 200 1.0 Monthly Footnote 8 <1 <1 <1 



Picloram µg/L 500 0.1 Monthly Footnote 8 <0.1 <0.1 <0.1 



2,4,5-TP (Silvex) µg/L 50 0.2 Monthly Footnote 8 <0.2 <0.2 <0.2 



Dinoseb µg/L 7 0.2 Monthly Footnote 8 <0.2 <0.2 <0.2 



Pentachlorophenol µg/L 1 0.04 Monthly Footnote 8 <0.04 <0.04 <0.04 



Dioxin (2,3,7,8-TCDD) pg/L 30 5.0 Monthly Footnote 8 <5.0 <3.8 <5.0 



Diquat µg/L 20 0.4 Monthly <0.4 <0.4 <0.4 <0.4 



Endothall µg/L 100 5 Monthly Footnote 8 <5 <5 <5 



Epichlorohydrin µg/L TT, 
MCLG=0 0.4 Monthly <0.4 <0.4 <0.4 <0.4 



Glycophosphate µg/L 700 6 Monthly Footnote 8 <6 <6 <6 



Benzene µg/L 5 1.00 Monthly <1.00 <1.00 <1.00 <1.00 
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 MAY JUNE JULY AUGUST 



Parameter Units 



Maximum 
Contamin-
ant Level 
(MCL) or 



MCL Goal 
(MCLG) 
where 



numerical 
MCL not 



expressed.  
Values 



noted for 
indicator 



compounds 
are non-



regulatory 
screening 



values 



Minimum 
Report 
Level1 



Required 
Monitoring 
Frequency 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



Carbon Tetrachloride µg/L 5 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



Chlorobenzene µg/L 100 1.00 Monthly <1.00 <1.00 <1.00 <1.00 
1,2-dibromo-3-
chloropropane (DBCP) µg/L 0.2 0.020 Monthly <0.020 <0.020 <0.020 <0.020 



o-Dichlorobenzene µg/L 600 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



p-Dichlorobenzene µg/L 75 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



1,2-Dichloroethane µg/L 5 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



1,1-Dichlororethylene µg/L 7 1.00 Monthly 



 



<1.00 



 



<1.00 



 



<1.00 



 



<1.00 



cis-1,2-Dichloroethylene µg/L 70 1.00 Monthly <1.00 <1.00 <1.00 <1.00 
trans-1,2-
Dichloroethylene µg/L 100 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



Dichloromethane µg/L 5 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



1,2-Dichloropropane µg/L 5 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



Ethylbenzene µg/L 700 1.00 Monthly <1.00 <1.00 <1.00 <1.00 
Ethylene Dibromide 
(EDB) µg/L 0.05 0.020 Monthly <0.020 <0.020 <0.020 <0.020 



Styrene µg/L 100 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



Tetrachloroethylene µg/L 5 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



Toluene µg/L 1,000 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



1,2,4-Trichlorobenzene µg/L 70 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



1,1,1-Trichloroethane µg/L 200 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



1,1,2-Trichloroethane µg/L 5 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



Trichloroethylene µg/L 5 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



Vinyl Chloride µg/L 2 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



p/m-Xylene µg/L - 2.00 Monthly <2.00 <2.00 <2.00 <2.00 



o-Xylene µg/L - 1.00 Monthly <1.00 <1.00 <1.00 <1.00 



Total Xylene µg/L 10,000 3.00 Monthly <3.00 <3.00 <3.00 <3.0 
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 MAY JUNE JULY AUGUST 



Parameter Units 



Maximum 
Contamin-
ant Level 
(MCL) or 



MCL Goal 
(MCLG) 
where 



numerical 
MCL not 



expressed.  
Values 



noted for 
indicator 



compounds 
are non-



regulatory 
screening 



values 



Minimum 
Report 
Level1 



Required 
Monitoring 
Frequency 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



Radionuclides 
Alpha particles pCi/L 15 3 Monthly 



 



<3 



 



<3 <3 <3 
Beta particles and 
photon emitters pCi/L 4 



mrems/yr9 3 Monthly 16 18 18 15 



Radium 226 pCi/L 5 
(226+228) 0.1 Monthly <0.928 <1 (L2) <1 (B1) <1 



Radium 228 pCi/L 5 
(226+228) 0.1 Monthly <0.864 <1 (L1) <1 (B1) <1 



Uranium µg/L 30 0.100 Monthly <0.100 <0.100 <0.100 <0.100 



Strontium-90 pCi/L - varies Monthly <1.61 <0.595 <0.514 <0.548 



Tritium pCi/L - 346 Monthly Footnote 8 <346 Footnote 
10 <332 (2) <332 



Non-regulatory Performance Indicators 



Public Health Indicators 



1,4-dioxane µg/L 1 0.07 Quarterly 



 



<0.07 



  



0.39 (4) 0.42 0.31 (3) 0.33 



17-β-estradiol ng/L TBD 0.4 Quarterly 



  



<0.4 



  



DEET ng/L 200,000 10 Quarterly <10 



Ethinyl estradiol ng/L TBD 5 Quarterly <5,BA 
Tris(2-
carboxyethyl)phosphine 
(TCEP) 



ng/L 5,000 10 Quarterly <10 



NDMA ng/L 10 2.0 Quarterly <2 (2) <2 <2 (3) 2.4 <2 (4) <2 <2 (2) <2 



Perchlorate µg/L 6 0.5 Quarterly 



 



1.7 



   



0.74 



  



Perfluorooctanoic Acid 
(PFOA) µg/L 



0.070 
(PFOA+ 
PFOS) 



0.02 Quarterly <0.02 <0.02 



Perfluorooctanesulfonic 
Acid (PFOS) µg/L 



0.070 
(PFOA+ 
PFOS) 



0.04 Quarterly <0.04 <0.04 



Treatment Efficacy Indicators 



Cotinine ng/L 1,000 10 Quarterly <10 
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 MAY JUNE JULY AUGUST 



Parameter Units 



Maximum 
Contamin-
ant Level 
(MCL) or 



MCL Goal 
(MCLG) 
where 



numerical 
MCL not 



expressed.  
Values 



noted for 
indicator 



compounds 
are non-



regulatory 
screening 



values 



Minimum 
Report 
Level1 



Required 
Monitoring 
Frequency 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



SWIFT 
Water 



Average 
(#samples)2,



3 



SWIFT 
Water 



Maximum 



Primidone ng/L 10,000 10 Quarterly <10 



Phenytoin (Dilantin) ng/L 2,000 20 Quarterly <20 



Meprobamate ng/L 200,000 5 Quarterly <5 



Atenolol ng/L 4,000 5 Quarterly <5 



Carbemazepine ng/L 10,000 5 Quarterly <5 



Estrone ng/L 320,000 5 Quarterly <5 



Sucralose ng/L 150,000,000 5 Quarterly <100,LE, 
LK 



Triclosan ng/L 210,000 10 Quarterly <10 



Additional Monitoring (Ozone & UV LRV) 
SWIFT 
Water 



Average 



SWIFT 
Water 



Minimum 



SWIFT 
Water 



Average 



SWIFT 
Water 



Minimum 



SWIFT 
Water 



Average 



SWIFT 
Water 



Minimum 



SWIFT 
Water 



Average 



SWIFT 
Water 



Minimum 



Ozone Virus LRV 
 



 



Continuous 5.22 3.32 5.63 2.7512 5.68 011,12 4.26 2.5911 



Ozone Giardia LRV Continuous 2.73 1.6812 2.54 1.0912 2.38 011,12 2.06 1.1311 



UV Dose Reactor 1 mJ/cm2 Continuous >186 >186 >186 >186 >186 >186 >186 >186 



UV Virus LRV Reactor 1 Continuous >4 >4 >4 >4 >4 >4 >4 >4 



UV Dose Reactor 2 mJ/cm2 Continuous >186 >186 >186 >186 >186 >186 >186 >186 



UV Virus LRV Reactor 2 Continuous >4 >4 >4 >4 >4 >4 >4 >4 



 
TT: Treatment Technique 
1 When minimum reporting limits varied during the quarter, the highest minumum reporting limit used is identified. 
2 Analytical results less than the reporting limit were treated as zero for the purposes of the averaging calculation. 
3 The daily samples for Total coliform were not collected when recharge was not occurring during day shift hours.  In the month of May, the maximum number of 
daily samples was 17 days (May 15 – May 31).  Recharge did not occur on May 30 and no samples were collected.  The Total coliform sample was not collected 
on May 20 due to courier and holding time concerns.  Total coliform and nutrient samples were not collected on May 25 because recharge was down most of the 
day.  In the month of June, the maximum number of daily samples was 30.  Total coliform was not collected on June 1, June 6, and June 13 due to limited or no 
recharge.  On June 8, Total coliform and nutrient samples were not collected.  On this date, the GAC vessels were operating in a duty/standby mode, and the out-
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of-service vessel was placed into service.  This caused the GAC CE turbidity to increase for several hours (approximately 5 hours) due to problems with air 
bubbles in the GAC CE turbidimeter sample line.  Recharge was terminated until the turbidity decreased to normal levels, but by that time it was too late in the day 
to collect daily samples.  The GACE CE turbidity did spike back up briefly after reinitiating recharge but was again less than 0.15 NTU within 25 minutes of 
restarting recharge. The June 24 samples for nitrite was improperly preserved and not analyzed.  The maximum number of daily samples collected in July was 31.  
Total coliform and nutrients were not collected on July 22 due to limited recharge.  Total coliform was not collected on July 31 because recharge was not occurring.  
Given the limited amount of recharge in the month of August, the daily samples reflect the data available from samples collected August 1 – August 3, and August 
22 – August 31.  The maximum number of daily samples during this period was 13.  Total coliform was collected and analyzed on August 26 but was invalidated 
as described in Footnote 3. 



In general, sampling of SWIFT Water does not occur unless the recharge is actively occurring.  Frequent periods of starts and stops during these early months as 
we continue to fine tune the advanced water treatment system and test the CCPs prompted a need to identify a protocol for collecting samples when there are 
limited periods of recharge.  In August, we added the following language to the O&M manual to address this:  



1. Daily sampling at SWIFTRC should consider the following: 
a. If the SWIFTRC is recharging for more than 1 hour, daily samples (regulatory and process) should be taken. 
b. Total Coliform (TC) samples should only be collected between the hours of 6 am and 6 pm and should only be collected by the SWIFTRC team. 
c. If regulatory or process samples are being taken after the midday courier (including TC samples), they will be collected and sent to the CEL lab 



with the morning courier (next day). 
d. SWIFTRC team will be in charge of taking ALL regulatory and process samples (collection of samples, bottles requests, COCs, coordination with 



lab, etc) that are collected between 6 am and 6 pm. 
e. If recharge operations are started for the day after 6 pm, the daily SWIFT Water regulatory samples, excluding Total coliform, will be collected 



by the Nansemond Plant Operator (bottles will be labeled and ready to take samples) 
2. One sampling event per day is enough. If we have an unexpected shutdown and recharge occurs within the same day, there is no need to resample. 



4 TDS of the Potomac Aquifer System is based on the averages within the upper, middle and lower Potomac Aquifer as determined during baseline monitoring. 
5 A positive TC result was documented on August 26, 2018.  This prompted an operational review which identified that at the time of sample collection, the 
Advanced Water Treatment System was off-line (not recharging) and wellhead monochloramine addition was not occurring.  This data point was therefore 
discarded as being unrepresentative of operational conditions.  E coli was absent for this sample. 
6 Bromate Swift Water monitoring frequency was noted as weekly in the UIC submission package and was changed to monthly consistent with the bulk of the 
PMCLs.  Bromate is monitored daily at the Granular Activated Carbon Combined Filter Effluent to ensure adequate control of bromate formation. 
7 The maximum residual disinfectant level (or MRDL) MCL for monochloramine and chlorine are based on annual averages. 
8 Samples were collected and shipped to the contract laboratory for analysis.  Samples were not received within holding time.  HRSD was not notified in time to 
collect another set of samples within the month of May. 
9 The measurement unit for beta particles and photon emitters is pCi/L while the MCL is expressed as mrem/yr.  Per EPA's Implementation Guidance for 
Radionuclides (EPA 816-F-00-002, March 2002), the screening threshold for beta particles and photon emitters is 50 pCi/L.  If sample concentrations exceed 50 
pCi/L, each individual beta particle and photon emitter is converted from pCi/L to mrem using the EPA designated conversation tables, currently available in the 
referenced document. 
10 Sample bottle broken during shipment to contract laboratory.  HRSD was not notified in time to collect another sample in the month of July. 
11 In July, there were ozone LRVs for  viruses and giardia recorded at values of 0 on three dates: July 22, July 23, and July 24.  Evaluation of these data identified 
that these were inaccurate readings due to the following: July 22 - This period (approximately 11 hours) of low virus and giardia LRV was likely caused by a 
problem with the ozone residual probe.  It is unclear at this time why the CCP for virus LRV did not engage and bypass the filters.  Nevertheless, a trend of the 
data showed that the ozone system was running with a relatively high dose of 95 PPD through this entire period.  In addition, recharge was not happening during 











Table 5: SWIFT Water Quality and LRV Compliance 
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this period (GAC feed pumps shut down), and the GAC Feed Pump Station was flushed prior to reinitiating recharge. Since recharge was not occurring, these data 
were deleted from the analysis that yielded the average and minimum LRVs shown in Table 5-1. July 23-24 - This period (approximately 8 hours) of low virus and 
giardia LRV was likely caused by a problem with the ozone residual probe.  It is unclear at this time why the CCP for virus LRV did not engage and bypass the 
filters.  This is being investigated.  Nevertheless, a trend of the data showed that the ozone system was running with a relatively high dose of 90 PPD through this 
entire period.  In addition to the daily laboratory verification of the ozone residual probe in triplicate, a “hot standby” ozone residual probe is also being added, and 
associated operating procedures are being developed.    
12 There were other individual 15-minute intervals in which the ozone virus LRV dropped below 3 for short durations, and these values are captured in the 
minimum LRV values in Table 5-1.  These are described as follows:  



6/21: LRV dropped below 3 LRV for 10 minutes and all filters were removed from service. 
7/20: LRV dropped below 3 LRV for 9 minutes and then recovered. Filters stayed in service. 
7/21: LRV went below 3 LRV for 10 minutes, and all filters were removed from service. 
7/23 6:44 am: LRV dropped below 3 LRV for 13 minutes and then recovered. Filters stayed in service. 
7/23 4:00 pm: LRV dropped below 3 LRV for 8 minutes and then recovered. Filters stayed in service. 
7/26 5:30 and 6:00 am: LRV dropped below 3 LRV for 6 minutes and 18 minutes, respectively, and then recovered. Filters stayed in service. 
7/28 10:00 pm: LRV dropped below 3 LRV for 9 minutes and then recovered. Filters stayed in service. 
7/29 8:14 am: LRV dropped below 3 LRV for 9 minutes and then recovered. Filters stayed in service. 
8/12 4:14 am: LRV dropped below 3 LRV for 17 minutes and then recovered. Filters stayed in service. 
8/17 2:30 pm: LRV dropped below 3 LRV for 14 minutes and then recovered. Filters stayed in service. 



 
 
Contract Laboratory Flags 
(BA) Target analyte detected in method blank at or above the laboratory minimum reporting limits (MRL), but analyte not present in the sample. (B1) Target 
analyte detected in method blank at or above the method reporting limit. 
(B1) Target analyte detected in method blank at or above the method reporting limit. 
(LE) MRL check recovery was above the laboratory acceptance limits. 
(LK) The associated blank spike recovery was above method acceptance limits. 
(L1) The associated blank spike recovery was above laboratory acceptance limits. 
(L2) The associated blank spike recovery was below laboratory acceptance limits.  
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effluent sample point to monitor in real-time nitrite levels within the SWIFT Water. 
The output of this analyzer has been connected to the plant distributed control 
system (DCS), and a new critical control point was implemented to ensure that 
SWIFT Water with high nitrite values is not used to recharge the well.  The critical 
control point will result in an automatic diversion of SWIFT Water at 0.5 mg/L 
NO2-N, one half of the PMCL.  Further discussion on nitrite control and corrective 
actions can be found in the nitrite corrective action report issued on September 4, 
2018. 



 



Parameter  Alert Value  Alarm Value  Unit  Action 



Critical Control Points (CCPs) 



Influent Pump Station Conductivity  1,0001,200  1,500  microSiemens 
per 



centimeter 



Divert settled water to 
drain pump station or 
stop influent pumps 



Influent Pump Station Total Inorganic Nitrogen   5.04.0  6.05.0  mg/L  Divert settled water to 
drain pump station or 
stop influent pumps 



Influent Pump Station Turbidity  15  20  NTU  Divert settled water to 
drain pump station or 
stop influent pumps 



Preformed Chloramine Failure on Injection  N/A  Failure  mg/L  Divert SWIFT Water 



Total Chlorine Post Injection upstream of ozone  2.0  1.0  mg/L  Divert SWIFT Water 



Chloramine injection upstream of ozone  2.0  1.0  mg/L  Divert SWIFT Water 



Ozone Feed  N/A  Failure  N/A  Divert SWIFT Water 
and Open Biofilter 
Backwash Waste Valve 



Ozone Contactor Calculated LRV – Virus  <120% LRV
Goal 



<100% LRV 
Goal 



%  Divert SWIFT Water 
and Open Biofilter 
Backwash Waste Valve 



Biofilter Individual Effluent Turbidity  0.1  0.15  NTU  Place filter in Standby 
at CCP at Alert Value. 
Divert filter effluent at 
Alarm ValuePlace that 
filter in filter‐to‐waste 
mode 



Biofilter Combined Filter Effluent Turbidity  0.1  0.15  NTU  Place all filters in filter‐
to‐waste modeDivert 
SWIFT Water 



GAC Combined Effluent TOC, instantaneous online 
analyzer 



4.0  6.0  mg/L  Divert SWIFT Water 



UV Reactor Dose  <120% of 
Dose 



Setpoint 



<105% of 
Dose 



Setpoint 



%  Divert SWIFT Water 



Free Chlorine CT1 This CCP is not being used since 
free chlorination of the SWIFT Water is not currently 
being practiced. 



<120% of 
CT Target 



<105% of CT 
Target 



%  Divert SWIFT Water 



GAC Combined Effluent Nitrite  0.25  0.50  mg/L  Divert SWIFT Water 



SWIFT Water TN  4.5  6.0  mg/L  Divert SWIFT Water 
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Parameter  Alert Value  Alarm Value  Unit  Action 



Ozone dose  80  90  lbs/day  Place all filters in filter‐
to‐waste mode 



Table 7. Hazard Analysis and Critical Control Point: Critical Control Points and Critical Operating Parameters 



 



Revision Log (Revisions from report issued 091818 following VDH comments) 



1. Table 1: Added in modification of TIN CCP and addition of TN CCP with 
explanatory footnote 1.   



2. Table 5: Modified 2nd column header “MCL” to describe various limits, goals, 
screening values.  



3. Table 5: Modified 3rd column header “Detection Limit” to “Minimum Reporting 
Level”. 



4. Table 5: Added a footnote describing the calculation of average concentrations. 
5. Table 5: Modified MCLs to reflect Treatment Technique (TT) where applicable, 



added regulatory targets for TN and TOC, and corrected unit conversion errors 
for the following: alachlor, atrazine, chlordane, 1,2-Dichloroethane and 1,1-
Dichloroethylene.  



6. Table 5: Documented the average TDS concentrations in the Potomac Aquifer 
System in the table and added a corresponding footnote. 



7. Table 5: Added a footnote describing the reporting of beta particles and photon 
emitters and the evaluation of compliance relative to the MCL to address the 
difference in reporting units (units of the MCL versus those of the analytical 
results).  



8. Table 5: Added row for Total Trihalomethanes (TTHMs) and Total Haloacetic 
Acids (HAAs) and modified each of the sections to reflect the combined MCLs 
(e.g.,Total Trihalomethanes MCL = 80 µg/L).  Assessment for TTHM and HAA 
compliance is based upon the sum of the individual parameters. 



9. Table 5: Corrected ethylene dibromide (EDB) concentrations to <0.020 µg/L for 
each month. 



10. Table 5: Added PCB Arochlor to arochlor identification (e.g., AR1016 revised to 
PCB Arochlor 1016).  Identified individual MRLs for each of the arochlors and 
removed the Total PCB MRL.  Assessment for Total PCB compliance is based 
upon the sum of the individual arochlors. 



11. Table 5: Indicated that Radium 226 and 228 MCLs are based upon sum of each. 
12. Table 5: Added the screening values or trigger limits associated with the non-



regulatory indicators. 
13. Table 5: Renumbered footnotes based upon the aforementioned additions. 
14. Critical Control Points (CCPs): Added in a section on CCP modifications made 



since the original UIC-IIP submission.  
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Thank you for participating in yesterday’s presentation on PFAS and HRSD’s related research.  Please find attached a pdf copy of yesterday’s presentation.  If you have any questions at all, please let me know.  
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PFAS impacts on wastewater and 



advanced water treatment for indirect 



potable reuse: A utility’s perspective on 



the importance of source control 



 



Dana Gonzalez, Ph.D. 











• Brief PFAS introduction 



 



• Options for PFAS analysis/monitoring 



 



• Phase 1 (1970’s – 2016): Source control to 



protect wastewater treatment 



 



• Phase 2 (2016 – present): Source control to 



protect indirect potable reuse activities 



Outline 



2 











• Per = all C-H bonds replaced by C-F bonds 



• Poly = have many C-F bonds but still have C-



H bonds 



• Carbon chain length varies 



• Functional groups: sulfonates (ex. PFOS), 



carboxylates (ex. PFOA), phosphonates 



Per and Polyfluoroalkyl Substance 



3 











• Common products: non-stick coatings, stain 



and waterproofing products, food wrappers/ 



tin foil, aqueous film forming foam (AFFF) 



Uses and Health Concerns 



4 



www.sixclasses.org 



• Health concerns 
– Bioaccumulation 



– Liver toxicity 



– Cancer 



– Pregnancy 
complications  



– Endocrine 
disorders 



– Reduced immune 
response 



 











• Analytical Options 
– EPA Method 537 (14 compound) and 537.1 (18 



compound) 



– Various in-house methods—Eurofins ~30-40 
compounds 



– Total Oxidizable Precursor (TOP) Assay 



• Initial PFAS monitoring at HRSD—UCMR3 
elements and LOQs 



• More recent analyses 
– Lowest LOQs available for EPA method 



– Additional samples collected for in-house expanded 
analyte list 



– TOP assay used as needed 



 



Analytical Options for PFAS Analysis 



5 











• Precursors: PFAS that are present in a sample but are not 
visible when using EPA method (i.e. reported at ND) 



• TOP assay is used to chemically oxidize precursors so that they 
are visible to the method 



• Not a complete digestion, but can help us understand the 
potential for conversion to measurable PFAS during treatment 
or in the environment 



• AFFF is often composed entirely of precursor compounds and 
requires TOP assay in order to be seen by Method 537 



 



TOP Assay 



6 



Houtz, E. F., & Sedlak, D. L. (2012). Oxidative conversion as a means of detecting 



precursors to perfluoroalkyl acids in urban runoff. Environmental science & 



technology, 46(17), 9342-9349. 
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Phase 1: Protecting Wastewater Treatment  











• P3 department at 
HRSD regulates 
acceptable 
discharges from 
commercial 
customers 



• Protect biological 
processes at 
treatment plants as 
well as potential 
pass-through toxicity 
in receiving water 
bodies 



HRSD Pretreatment and Pollution Prevention 
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• Fleet Training Center Fire Fighting School—
trains US Navy Atlantic Fleet personnel 



• Request to send firefighting foam waste to 
treatment plant 



 



Army Base Treatment Plant and AFFF (1976) 



9 



Saam, R., P. Rakowski, and G. Aydlett. 1979. Treatability of Firefighting School Wastewaters: US 



Navy Compliance with POTW Pretreatment Requirements. Proceedings of the 34th Purdue Industrial 



Waste Conference, West Lafayette, Indiana. 











• In 1976 there were no established techniques for 



analyzing AFFF waste, nor were there any discharge 



limits  



• HRSD requested testing—treatment inhibition and/or 



pass-through toxicity 



Aqueous Film Forming Foam (AFFF) 



10 http://www.svfd.net/SVFD%20Files/Articles/Foam/2A_How_AFFF_works.html 











• Study added diluted AFFF waste to pilot 



version of ABTP 



• Impact on BOD removal and effective settling 



• AFFF not allowed into HRSD waste stream 



AFFF Impacts on BOD Removal 
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• Military dominated area with many airports 



• Approximately 10% of HRSD’s industrial 



waste comes from large military installations 



• Disposal of AFFF to the sanitary sewers is 



identified as the preferred method of disposal 



by the US Army Corp of Engineers 



• Requests and studies over the last 40+ years 



pertaining to AFFF waste 



AFFF in Hampton Roads 
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• Study funded in late 1990s by the Navy 



• Stated purpose: to determine if AFFF input to a 
BNR plant would affect treatment and result in 
any pass-through toxicity 



• Found that nitrification was not inhibited nor was 
there pass through toxicity at AFFF 
concentrations below 60 ppm 



 



 



 



Virginia Initiative Plant and AFFF 
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Erten-Unal, Mujde, S. Paranjape, and Gary C. Schafran. 1998. Evaluation of the Effects of AFFF Inputs 



to the VIP Biological Nutrient Removal Process and Pass-through Toxicity-Phase IA. No. 



NRL/MR/6180--98-8141. OLD DOMINION UNIV NORFOLK VA DEPT OF CIVIL AND 



ENVIRONMENTAL ENGINEERING. 











• Inhibition tests were “batch” studies that only 



took 8 hours 



• Longer time frames may be necessary to 



capture an inhibition event 



• Did not investigate impacts on denitrification 



or biological phosphorus removal 



– Not uncommon based on the assumption that 



nitrification is more susceptible than denitrification 



 



 



 



 



Notes on Virginia Initiative Plant and AFFF Study 
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• 2010 study found denitrification inhibition 



– Heterotrophic inhibition 



– No nitrification inhibition at 40 ppm AFFF addition 



Denitrification Inhibition Associated with AFFF 
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Hingley, D.M. 2010. Evaluation of nitrification inhibition using sequencing batch reactors and BioWin modeling, and 



the effect of aqueous film forming foam on biological nutrient removal. Virginia Tech Masters Thesis. 











Denitrification Inhibition After AFFF Release at Plant 
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• January 2016 denitrification inhibition  



• 24-48 hour lag time from release to N impact 



• Nitrate in 1st anoxic went from normal levels (8-10 mg/L) to ~18 
mg/L 



• Radical drop in pH—nitrification consumes alkalinity, 
denitrification did not replenish because of inhibition 



 



 



Normal 
anoxic NOx: 



2-3 mg/L 



Inhibited 
anoxic NOx: 



~14 mg/L 











• HRSD has four treatment plants where methanol 
storage requires AFFF fire suppression systems  



• What is the potential for these systems to cause 
treatment upsets? 



• Document fate and transport of PFAS after 
simulated release. 



 



Recent AFFF Interest at HRSD 
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Photos: B McNamara 











• Reactors that can be configured to mimic any 
number of wastewater treatment trains 



• Used to simulate AFFF release from methanol 
suppression system and track impacts 



Sequencing Batch Reactors (SBRs) 
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D. Hingley (2010) 











Testing AFFF used at HRSD Treatment Plants 
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• Mild impact on nitrification 



• No apparent impact on denitrification 



• Biological P removal work ongoing 



• Fate and transport work ongoing 
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Phase 2: Protection of Indirect Potable 



Reuse 











• Depletion of groundwater resources 
– Salt water intrusion 



• Sea level rise 
– Compounded by land subsidence 



• Water quality concerns 
– Chesapeake Bay restoration 



– Regulatory uncertainty– wastewater permits have 
5 year terms 



• Treated water discharged to area waterways 
near mouth of Chesapeake Bay—no 
beneficial use 



Water Issues Challenging Virginia and Hampton Roads 
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Sustainable Water Initiative for Tomorrow (SWIFT) 
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• Treat water to meet 
drinking water standards 
and replenish the 
aquifer with clean water 
to: 
– Provide regulatory 



stability for wastewater 
treatment  



– Provide a sustainable 
supply of groundwater 



– Reduce nutrient 
discharges to the 
Chesapeake Bay 



– Reduce the rate of land 
subsidence  



 



Advanced 



Water 



Treatment 











SWIFT Research Center 
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• Piloted two treatment trains (2016)–elected ozone-biofiltration-
GAC approach  



• 1 MGD demonstration facility and research center (Spring 2018) 
 











Process Flow Diagram for SWIFT Research Center 
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• Theory that long-chain PFAS bioaccumulate 



– Voluntary phase-out of long chain PFAS in early 



2000s 



– 2016 EPA lifetime health advisory: combined 



concentration of PFOS and PFOA should not 



exceed 70 ppt 



• Short chain PFAS and compound variation 



AFFF often marketed as “eco-friendly” 



Phase 2: Protection of Indirect Potable Reuse 
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• HRSD was asked by military to consider 



accepting a new “eco-friendly” version of 



AFFF 



• Initial response similar to previous inquiries: 



testing to ensure no treatment inhibition or 



pass-through toxicity 



• In-house literature review revealed that AFFF 



should be avoided to minimize pass-through 



to SWIFT facilities  



Phase 2: Protection of Indirect Potable Reuse 
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• Conventional 
DW treatment 
methods not 
effective 



• GAC—more 
effective at 
removing long 
chain PFAS 



• NF and RO 
showed good 
removal 



• AIX, NF, RO—
issues with 
waste handling 



PFAS Removal Efficiency 
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Dickenson, E. R., & Higgins, C. 2016. Treatment Mitigation Strategies for Poly-and Perfluoroalkyl Substances 



[Project# 4322]. 











Nansemond Raw Water Influent 
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3/28/2017 6/20/2017 8/22/2017 11/7/2017 2/21/2018 4/4/2018 8/14/2018 



Perfluorooctanesulfonic 



Acid (PFOS, µg/L) 
<0.400 <0.080 <0.080 <0.080 <0.040 <0.080 <0.040 



Perfluorooctanoic Acid  



(PFOA, µg/L) 
<0.200 <0.040 <0.040 <0.040 <0.020 <0.040 <0.020 



Perfluoroocnanoic Acid  



(PFNA, µg/L) 
<0.200 <0.040 <0.040 <0.040 <0.020 <0.040 <0.020 



Perfluorohexanesulfonic 



Acid (PFHxS, µg/L) 
<0.300 <0.060 <0.060 <0.060 <0.030 <0.060 <0.030 



Perfluoroheptanoic Acid 



(PFHpA, µg/L) 
<0.100 <0.020 <0.020 <0.020 <0.010 <0.020 <0.010 



Perfluorobutanesulfonic 



Acid (PFBS, µg/L) 
<0.900 <0.180 <0.180 <0.180 <0.090 <0.180 <0.090 



• Low levels of PFAS in WWTP raw water influent 











• Expanded list with lower LOQs starting Dec 2018 



• Some low level detections (Dec 2018) likely due to PFAS precursors  



PFAS-SWIFT Influent (Nansemond Secondary Effluent) 
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4 sampling 



events in 



2017 



2/21/2018 5/30/2018 8/14/2018 12/12/2018 



Perfluorooctanesulfonic Acid (PFOS, µg/L) <0.040 <0.040 <0.040 <0.040 0.008 



Perfluorooctanoic Acid(PFOA, µg/L) <0.020 <0.020 <0.020 <0.020 0.007 



Perfluoroocnanoic Acid (PFNA, µg/L) <0.020 <0.020 <0.020 <0.020 <0.002 



Perfluorohexanesulfonic Acid (PFHxS, µg/L) <0.030 <0.030 <0.030 <0.030 0.003 



Perfluoroheptanoic Acid (PFHpA, µg/L) <0.010 <0.010 <0.010 <0.010 0.002 



Perfluorobutanesulfonic Acid (PFBS, µg/L) <0.090 <0.090 <0.090 <0.090 0.006 



Perfluorodecanoic Acid (PFDA, µg/L) <0.002 



Perfluorododecanoic Acid (PFDoA, µg/L) <0.002 



Perfluorohexanoic Acid (PFHxA, µg/L) 0.016 



Perfluorotetradecanoic Acid (PFTA, µg/L) <0.002 



Perfluorotridecanoic Acid (PFTrDA, µg/L) <0.002 



Perfluoroundecanoic Acid (PFUnA, µg/L) <0.002 



N-ethyl Perflurooctanesulfonamidoacetic 



Acid (NEtFOSAA, µg/L) 
<0.002 



N-methyl Perflurooctanesulfonamidoacetic 



Acid (NMeFOSAA, µg/L) 
<0.002 











• Some low level detections Dec 2018 (PFBS, PFHxA) 



PFAS- SWIFT Water 
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4/19/2018 5/15/2018 7/10/2018 10/2/2018 12/3/2018 



Perfluorooctanesulfonic Acid (PFOS, µg/L) <0.04 <0.04 <0.04 <0.04 <0.002 



Perfluorooctanoic Acid (PFOA, µg/L) <0.02 <0.02 <0.02 <0.02 <0.002 



Perfluoroocnanoic Acid (PFNA, µg/L) <0.02 <0.02 <0.02 <0.02 <0.002 



Perfluorohexanesulfonic Acid (PFHxS, 



µg/L) 
<0.03 <0.03 <0.03 <0.03 <0.002 



Perfluoroheptanoic Acid (PFHpA, µg/L) <0.01 <0.01 <0.01 <0.01 <0.002 



Perfluorobutanesulfonic Acid (PFBS, µg/L) <0.09 <0.09 <0.09 <0.09 0.002 



Perfluorodecanoic Acid (PFDA, µg/L) <0.002 



Perfluorododecanoic Acid (PFDoA, µg/L) <0.002 



Perfluorohexanoic Acid (PFHxA, µg/L) 0.016 



Perfluorotetradecanoic Acid (PFTA, µg/L) <0.002 



Perfluorotridecanoic Acid (PFTrDA, µg/L) <0.002 



Perfluoroundecanoic Acid (PFUnA, µg/L) <0.002 



N-ethyl Perflurooctanesulfonamidoacetic 



Acid (NEtFOSAA, µg/L) 
<0.002 



N-methyl Perflurooctanesulfonamidoacetic 



Acid (NMeFOSAA, µg/L) 
<0.002 











Groundwater Monitoring at SWIFT RC 











• EPA Method 537 (14 compound) analysis with lowest LOQs available  



• Only showing PFHxA data, all other compounds non-detect  



Perfluorohexanoic Acid (PFHxA) in Monitoring wells 
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7/23/2018 



(µg/L) 



8/1/2018 



(µg/L) 



10/1/2018 



(µg/L) 



10/15/2018 



(µg/L) 



10/29/2018 



(µg/L) 



1/23/2019 



(µg/L) 



Well Screen 1 <0.002 <0.002 0.003* 0.008 0.012 0.014 



Well Screen 4 0.011 0.007 



Well Screen 8 0.004 



Well Screen 9 0.012 0.003 



Well Screen 



10 
<0.002 



Well Screen 



11 
<0.002 



Upper 



Potomac 
<0.002 



Middle 



Potomac 
<0.002 



Lower 



Potomac 
<0.002 



*Flag: potential matrix interference 











• One sample point so far: 4/3/2019 



• All with lowest LOQ developed (0.002 or 0.005 µg/L) 



• Of 39 compounds, only detected five PFAS at low levels 



Expanded In-house Method (39 Compound) 
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Perfluorobutanoic 
acid (PFBA) 



Perfluoropentanoic 
acid (PFPeA) 



Perfluorohexanoic 
acid (PFHxA) 



6:2 Fluorotelomer 
sulfonic acid (6:2 



PFS) 



8:2 Fluorotelomer 
sulfonic acid (8:2 



PFS) 



Well Screen 1 0.011 0.025 0.014 <0.002 <0.002 



Well Screen 2 0.011 0.026 0.016 <0.002 <0.002 



Well Screen 3 0.007 0.014 0.008 0.003 0.005 



Well Screen 4 <0.005 0.010 0.005 <0.002 <0.002 



Well Screen 5 0.009 0.019 0.012 <0.002 <0.002 



Well Screen 6 0.007 0.013 0.007 <0.002 <0.002 



Well Screen 7 0.006 0.008 0.005 <0.002 <0.002 



Well Screen 8 0.009 0.013 0.004 <0.002 <0.002 



Well Screen 9 <0.005 0.004 <0.002 <0.002 <0.002 



Well Screen 10 <0.005 0.003 <0.002 <0.002 <0.002 



Well Screen 11 <0.005 <0.002 <0.002 <0.002 <0.002 



Upper Potomac <0.005 <0.002 <0.002 <0.002 <0.002 



Middle Potomac <0.005 <0.002 <0.002 <0.002 <0.002 



Lower Potomac <0.005 <0.002 <0.002 <0.002 <0.002 











• Focus of toxicology research has been on 



PFOS/PFOA (> 80% of studies) 



• CDC ATSDR Toxicological Profile for 



Perfluoroalkyls  



– Analyzed toxicology information for 14 compounds 



from nearly 200 studies 



– Only calculated Minimal Risk Levels (MRL) for 



PFOS, PFOA, PFHxS, PFNA based on 



intermediate exposure (15-364 days); no chronic 



estimates 



PFAS Toxicology 
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• Bioaccumulation estimates  
– PFBA: 70 - 80 hour half life in humans 



– PFPeA & PFHxA: not available for humans 



– PFHxA cleared from system of primates in ~5 days 
(Compare to PFOA ~20-30 days and PFOS ~100-170 
days) 



• Animal studies 
– PFBA: Increased liver weights in rats (30 mg/kg/day for 



1 to 3 months equivalent to 70 kg human drinking 2L 
of 1,050 mg/L PFBA each day); all other body 
functions normal 



– PFHxA: chronic exposure of rats to 200 mg/kg/day 
negatively impacted blood cell counts, renal activity, 
and liver 



What do we know about PFBA, PFPeA, PFHxA? 
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• Goal: Understand 



removal of PFAS, 



particularly low 



molecular weight 



compounds across GAC 



• Fresh GAC installed 



• Sampling 2X per month 



for 12 months 



• Subset of samples will 



incorporate TOP assay 



WRF Grant Collaboration 
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• Five sample locations: SWIFT Influent (NP 



SCE), BAF effluent, GAC 9 min EBCT, GAC 



effluent, Final SWIFT water 



Sampling approach 
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• Testing potential for inhibition of biological 



phosphorus removal 



• Fate and transport of PFAS under simulated 



treatment conditions 



• Removal of PFAS (especially low MW) across 



GAC 



 



Future Work 
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Thank you! 



dgonzalez@hrsd.com 
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All,



 



This afternoon we received the results from a May 6 sample collected from MW-SAT, the well located 50 ft from the recharge well.  Specifically, screen interval 9, which is the deepest of the intervals located within the Middle Potomac (approximately
 1000 ft below grade), had an elevated total and dissolved arsenic concentration of 18.1 ppb and 18.3 ppb, respectively.  For reference, the MCL for arsenic is 10 ppb.  Recharge at this point had been occurring for 8 days and the timing of the increased arsenic
 appears to coincide with arrival of the new recharge front in this screen interval.  While we only have one data point from the SWIFT Water for arsenic during this time (< 1 ppb), it is consistent with our low (< 1 ppb) historical data on arsenic in SWIFT
 Water and indicates that the SWIFT Water itself was not the source of the arsenic seen in the May 6 samples.  There are no apparent differences in SWIFT Water quality since the restart of the facility that would explain the arsenic mobilization we’ve seen
 in interval 9.  Further, the pH of SWIFT Water is tightly controlled in order to prevent mobilization of metals within the aquifer, with a Critical Operating Parameter in place that diverts SWIFT Water away from the recharge well if the pH drops below 7.3
 for more than 10 minutes. 



 



We are actively investigating the mechanism behind this arsenic release.  We collected samples today for arsenic speciation and are closely evaluating the water chemistry in interval 9 to better understand the potential contributing factors
 to the release.  This screen interval will also be monitored daily for total arsenic until the concentrations remain less than ½ of the MCL for at least a two week period.  We will continue to monitor each of the other screens that are receiving recharge weekly. 
 Should we see the same issue arise in the other intervals, we’ll increase our monitoring frequency accordingly and keep you informed.  While the 50 ft well is extremely valuable for understanding these initial reactions, the conventional wells that we have
 located 400 – 500 ft away from the recharge well are in a better position to inform the potential for off-site migration.  We are currently monitoring those wells weekly for arsenic and will continue to do so.    



 



We do believe that this is a transient phenomenon and what we’re seeing is part of the value of this research-focused well – understanding the near-field impacts on water chemistry, fluid dynamics and solute transport.  In the immediate
 vicinity of the recharge well, we expect that concentration, advection, etc. are all higher by an order of magnitude or greater than what one would see at a monitoring well that is typically located several hundred feet or more away from the recharge well.  
   



 



We’ll send a more thorough write-up of our investigation and results within the next seven days.  In the interim, if you have any questions or concerns, please feel free to reach out to me.



 



Jamie



 



Jamie S. Heisig-Mitchell



HRSD Chief of Technical Services



Office: 757.460.4220 | Mobile: 757.510.4153



1434 Air Rail Avenue | Virginia Beach, VA  23455



PO Box 5911 | Virginia Beach, VA  23471-0911



jmitchell@hrsd.com |
www.hrsd.com



 








